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ADVERTISEMENT. 



This work was published in 1818, but a 
part of the edition having remained unsold, 
and the recent occurrence of some severe 
accidents from explosions in coal mines, and 
bouses lighted by gas, and Yhe loss of ships 
by fire, having shewn, that the precautions 
which it was intended to describe, either are 
not known or are not ^.ttended to, I have 
thought it might assist the cause of hu* 
inanity, to advertise the book a second time. 
1 have added to it a few additional para- 
graphs, which contain some new facts and 
some practical results, connected with the use 
of the Safety Lamp ; most of the last occurrci^ 
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to me during journeys that I have made^ 
for the purpose of introdu(jjng this inven- 
tion into the principal mines of Europe, in 
which inflammable air is found* 



Park Street, 
March, 20, 1825. 



PREFACE. 



I HAVE thought it right to collect and to 
publish in a connected form BXk account of 
all the researches that I have made on th^ 
subject of explosions from inflammable air^ 
aiid the modes in which they may be pre*t 
lirented, as well s^ the collateral investiga* 
t;ions to which they have given rise, with the 
ho(>e of presenting a permanent record on 
this important subject to the practical mineri 
and of enabling the friends of humanity td 
estimate and apply thpsjs resources ofscience, 
by which a great and permaneoUy existing 
evil may h^ subdued, 
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In connecting general views on the sub- 
ject with extracts from papers published in 
the Transactions of the Royal Society, I 
fear I shall sometimes be accused of repeti- 
tions; but in a case where human life is 
concerned, and by which human happiness 
may be deeply affected, I shall not dread 
the accusation of dwelling too long upon, 
or treating too often of, precautionary mea** 
sures^ 

The names of three persons will be found 
mentioned in these pages as having assisted 
in the investigations. The public owe much 
to the Rev. John Hodgson and to Mr. 
Buddie for having been the first persons to 
make experiments upon the Safety Lamp in 
explosive atmospheres in the mine, and for 
' elucidating its practical application and ren- 
dering it familiar to the miner ; and I am 
myself indebted to Mr. Michael Fsuraday for 
much able assistance in the prosecution of 
my experiments. 
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I have given the extracts from my papers 
jttearly in the order in which they were 
published ; which will, I hope, both render 
the facts more intelligible, and shew the 
gradual progress of the enquiry : in which 
every step was furnished by experiment 6v 
induction, in which nothing can be said to 
be owing to accident, and in which the 
most simple and useful combination arose 
out of the most complicated circum- 
stances. 

The result of these labours will, I trust, 
be useful to the cause of science, by prov- 
ing that even the most apparently abstract 
philosophical truths may be connected with 
appFications to the common wants and pur-^ 
poses of Ufe. 

The gratifidation of the love of knowledge 
is delightful to every refined mind ; but a 
much higher motive is offered for indulging 
in it, when that knowledge is felt to be 
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practical power, and when tkat power 
maj be applied to lessen the miseries or 
increase the comforts oi our fellow crea- 
tures. 

X0omhn, Mag 14, 1818. 
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THE SAFETY LAMP; 



WITH 



RESEARCHES ON FLAME. 



I. General Views of the Progress of the 
Researches on tlte Safety Lamp, and of the 
Principles on which its Security depends. 

ft 

The use of pit coal in Britain is connected 
not only with the necessities, comforts, and 
^oymentB of life ; but also with th^ ex- 
ten^n of our moeit important ;^t$, oi^r ma- 
wifactures, commerce, afid national riches. 

Essential in affording warmth and pre- 
paring food, it yields a sort of artificial , 
siiQshine, and in some measure compen- 
sates for the disadvantages of our . climate* 
—By means of it, metallurgical processes 
are carried on, and the most important ma- 
terials of civilized life furnished, the agri- 
culturist is supplied with an useful manure, 
aad the architect with a necessary cement. 
Not only m^jw&ptQries and private houses. 
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but even whole streets are lighted by its 
application — and in furnishing the element 
of activity in the steam engine, it has given 
a wonderful impulse to mechanical and che- 
mical ingenuity, diminished to a great ex- 
tent human labour, and increased in a high 
degree the strength and wealth of the 
country. 

Every thing connected with the perma- 
nent supply of such a material, is worthy 
of scientific consideration ; and to remove 
obstacles, difEculties, or dangers connected 
with its production, is not unimportant to 
the state. 

Since the earliest period of the applica- 
tion of mineral coal* to the purposes of 
fuel, the explosions in coal mines from in- 
flammable airf or fire damp, have been re- 
garded as the greatest evil occurring in the 
working of the mines. The strata of coal 
lie usually parallel or nearly parallel to the 
surface, at certain depths beneatli it, and 

* Coal was certainly worked in the neighbourhood 
of Newcastle^n 1245. See Brande's History of New- 
castle, Vol. II. p. 253. 

t Called Grisoux in Flanders, and Feu BrissoH 
in the southern departments of France. 



this coal, when the pressure of the super- 
incumbent material is removed, affords in- 
flammable air; which is disengaged not 
only in the common operations of mining, 
when the coal is broken and removed, but 
is likewise permanently evolved, often in 
enormous quantities,* from fissures in the 
strata. 

When it has accumulated in any part of 
the gallery or chamber of a mine, so as to 
be mixed in certain proportions with com- 
mon air, the presence of a lighted candle 
or lamp causes it to explode, and to destroy, 
injure, or burn whatever is exposed to its 
violence. 

To give detailed accounts of the tremen- 
dous accidents, owing to this cause, would 
be merely to multiply pictures of death and 
of human misery.— The phenomena are al- 
ways of the same kind. — ^The miners are 
either immediately destroyed by the explo- 
sion, and thrown with the horses and ma- 
chinery through the shaft into the air, the 
mine becoming as it were an enormous 

* This phenomenoa is called^ in tUe language of tha 
Sotih country mioers, a blower. 
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piece of artiHery, from which they are pro- 
jected; or they are gradually suffocated, 
Bnd undergo a more painful death from the 
carbonic acid and azote remaining in the 
mine after the inflammation of the fire 
damp; Qt what, tiiough it appears the 
mildest^ IB perhaps the most severe &te^ 
they are burnt or maimed, and often ren- 
dered incapable of labour and of healthy 
enjoyment for life. 

The fire damp is found in the greatest 
quantity, and is most dangerous, in the 
deepest ihines ; but it likewise ofben occure 
in superficial raicavations, and I -have now 
a letter, of the date of June 8; 1816, in 
my possession, in which it is stated, that 
iki the v«ry commencement of working a 
coal mine in Shropshire, several miners 
Were killed, and others severely burnt. 

Modes of preventihjg accidents from fire^ 
damp have been ardently sought for by ail 
pefsons connected with coal mines, and it 
^as even occupied the attention of an ch- 
lighteued government. — In consequence of 
some explosions which prevented the miners 
from working the coal mines ^ Brian^n, 



^ in Dauphiuy,^ the Duke 4e Choiseul^ at that 
time Prime Minister of Fraoce, recom- 
mended the mibject t& the consideration of 
the Academy of Soiepcei, and a committee 
was appointed, who made it ibr some time 
the ohjeot of their attention; .but the plfin 
tliat they proposed for avoiding the danger^ 
wag a eotnmm mode of ventilation. 

This evil ^ the fire damp* though be- 
longing to all coal mines, ha3 been most se- 
verely experienced in those of Hainault, in 
Flanders, and the infinitely more impor- 
tant mines in the neighbourhood of White- 
haven and Newcastle, in this country. 

The number of dreadful accidents, iur 
deed, which had happened within the la^t 
three or four years in the last mentioned 
districts, particularly tiiat.by which ninety- 
six persons were destroyed in the Felling 
colliery, had so atrongly impressed the minds 
of a number of benevolent persons belong- 
ing to or connected with the coal districts, 
that it was said to bfe in their contenjplft* 
tion to bring the subject before Parliament, 
that by making it a national question, it 

t 

* Histoire de l^Academie Royale, 1763, p. 1. 
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might obtain that consideration which its 
importance demanded. 

When I first turned my attention parti- 
cularly to the subject, which was in Au- 
gust, 1815, in consequence of a letter from 
the Rev, Dr. Gray^^ there appeared very 
little hope of finding an efficacious remedy. 
The resources of modern chemical science 
had been fully applied in ventilation, in 
the improved plans of Mr, Buddie; the 
comparative lightness of the fire damp was 
well understood, every precaution was taken 
to preserve the communications open ; and 
the currents of air were promoted or occa- 
sioned, not only by furnaces, but likewise 
by air pumps and steam apparatus. 

Sir Jam^s Lowther had observed early 
in the last century that the fire damp in 
its usual form was not inflammable by 
sparks from flint and steel ; and a person 
in his employment had invented a mill for 
giving light by the collision of flint and 
steel,* and this was the only instrument 
except common candles employed in the 

* Said to be Mr. SpeddiDj^, in Hutchinson^s History 
of Cumberlaod. Article, WbitehaTen. 



dangerous parts of the British collieries. 
Yet instances of explosion have been known 
from the steel mill, and it required manual 
labour for its use. In Flanders amadou or 
fungus tinder had been occasionally em- 
ployed in dangerous parts of the mine, but 
the light yielded by this substance was much 
too feeble to be used for working the mines, 
and only enabled the miners to find their 
way for particular occasions. 

M. de Humboldt, the justly celebrated 
philosophical traveller, in 1796 conceived 
and executed the plan of a lamp* for giv- 
ing light in mines where a common candle 
would not burn or produce explosion ; but 
it was founded on the principle of entire insu- 
lation from the air, and could burn only for a 
short time till the air contained within it wis 
exhausted. A lamp upon a plan similar as 
to insulation, was contrived by Dr. Clanny, 
in 1813, but he supplied his light with air 
from the mine through water by bellows, 
and it went out in explosive atmospheres, 
and to be employed required to be worked 
by hand, or by machinery; and neither 

* Journal des Mines, Ton^ VIII. p. 839. 
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M. de Mumboldfs lamps, or Dr. Clanfly% 
had, for obvious reasons I believe, ever been 
used in coal mining. 

The great object, one rather to be ar- 
dently desired than oonfidently expected, 
was to find a light, which at the same time 
that it enabled the miner to work with se- 
curity in explosive atmospheres, should like- 
wise consume the fire damp. Having leamt 
firom Mr. Buddie the degree of light re- 
quired for the common Operations of the 
workmen, I made several experiments with 
the hope of obtaining such a light without 
active inflammation. I tried Kunckel's, 
Canton's, and Baldwin's phosphorus, and 
likewise the electrical light in close vessels, 
but without success* 'I had a lamp made 
with two valves, which closed in atmo* 
spheres contaminated with fire damp, by 
the increased heat of the flame produced 
l3y the combustion of the gas, but this lamp 
<50uld not be used in an explosive atmo- 
sphere. 

It will be unnecessary to dwell upon pre* 
liminary and unsuccessful attempts, and t 
shall proceed to describe the origin and 
progress of those 'investigations which led 



me to the discovery of the principles by 
which explosion and flame may be arrested 
and regulated ; and by means of which^ the 
miner is not only able to subdue and con- 
troul, but likewise to render useful his most 
dangerous enemy. 

I first began with a minute chemical ex- 
amination of tlie substance with which 1 
had to contend. — The analysis of various 
specimens of fire damp shewed me that the 
pure inflammable part of it was light car- 
buretted hydrogen, as Dr* Henry had before 
stated, hydrogen or pure inflammable air 
combined with charcoal or carbon. 

I made numerous experiments on the cir- 
cumstances under which it explodes, and the 
degree of its inflammability.— I found that 
it required to be mixed with very large 
quantities of atmospherk; air to produce ex^ 
plosion, even when mixed with three or 
nearly four times its bulk of air, it burnt 
quietly in the atmosphere, and exting-uished 
a taper. When mixed with between five and 
six times its volume of «ir it exploded feebly : 
it exploded with most energy when mixed 
with seven or eight times its volume of air, 
and mixtures of fire damp and air retained 
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their explosive power when the proportions 
were one of gas to fourteen of air. When 
the air was in larger quantity the flame of 
a taper was merely enlarged in the mixture, 
an effect which was still perceived in thirty 
parts of air to one of gas. 

I found the fire damp much less com- 
bustihle than other inflammable gases. It 
was not exploded or fired by red hot char- 
coal or red hot iron ; it required iron to be 
white hot, and itself in brilliant combustion, 
for its inflammation. The heat produced 
by it in combustion was likewise much less 
than that of most other inflammable gases, 
and hence, in its explosion, there was much 
less comparative expansion. 

On mixing 1 part of carbonic acid or fixed 
air with 7 parts of an explosive mixture of 
fire damp, or 1 part of azote with 6 parts, 
their powers of exploding were destroyed. 

In exploding a mixture in a glass tube of 
one-fourth of an inch in diameter and a foot 
long, more than a second was required 
before the flame reached from one end to 
the other : and I found that in tubes of one- 
seventh of an inch in diameter, explosive 
mixtures could not be fired when they were 
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opened in the atmosphere; and that me- 
tallic tubes prevented explosion better than 
glass tubes. 

In reasoning upon these various phe- 
nomena it occurred to me, as a considerable 
heat was required for the inflammation of 
the fire damp, and as it produced in burn- 
ing comparatively a small degree of heat, 
that the effect of carbonic acid and azote, 
and of the surfaces of small tubes in pre- 
venting its explosion, depended upon their 
cooling powers; upon their lowering the 
temperature of the exploding mixture so 
much that it was no longer sufficient for its 
continuous inflammation. 

This idea, which was confirmed by va- 
rious obvious considerations, led to an im- 
mediate result — the possibility of construct- 
ing a lamp, in which the cooling powers of 
tl^e azote or carbonic acid, formed by com- 
bustion or the cooling powers of the aper- 
tures, through which the air entered or 
made its exit, should prevent the communi- 
cation of explosion. 

I first tried the effects of lamps in which 
there was a very limited circulation of air ; 
and I found that when a taper in a close 
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lantern was supplied \vith air so as to burn 
feebly from very Smajl apertures below the 
flame ; and at a considerable distance from 
it, it became extinguished in explosive mix- 
tures; but I ascertained that precautions 
which it would be dangerous to trust to 
workmen were required to make this form 
of a lamp safe, and that at best it could give 
only a feeble light; and I immediately 
adopted systems of tubes above and below, 
of that diameter in which I had ascertained 
that explosions would not take place- 
In trying ray first tube lamp iu an ex- 
plosive mixture I found that it was safe ; but 
unless the tubes were very short aod »u- 

• 

merous^ the flame could not be well sup- 
ported ; and in tryiag tubes of the diameter 
of onie-seventh or one-eighth of an inch I 
determined that they wtere safp only to 
small quantities of explosive mixture^ and 
when of a given length; and that tiibe^ 
even of a much smailor diameter cpmnpiuiwi- 
cated explosion from a close ve^el.^ Hence 
I took a new method of ascertainmg the 
safety of my apertures, and of trying dif- 
ferent forms of apertures. 

I had a v^sel furnished with wiras by 
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which the electrical spark could be taken 
in an explosive mixture, and which was 
larger in capacity than a safe lamp or 
lantern was required to be. I placed my 
flame sieves, i, e, my systems of apertures, 
between this Jar and a bladder containing 
likewise an explosive mixture, and I judged 
the apertures to be safe only when they 
stopped explosion acting upon them in this 
concentrated way. 

In this mode of experimenting I soon 
discovered that a few apertures even of very 
small diameter were jnot safe unless their 
sides were very deep ; that a single tube of 
one-twenty-eighth of an inch in diameter 
and two indies long suffered the explosion 
to pass through it ;. and that a great number 
of small tubes, or of apertures, stopped ex- 
plosion even when the depUis of their mdes 
was only equsd to their diameters-^and ^ 
last {arrived at the condusicqii that a me- 
tallic tissue, hot^evt^rill^iiiafkl'^ne, of which 
the iapertupes tilled more space than the 
coiaiiiig sm^&oe, so as to be pameable to air 
mud light, dibped a perfect barrier toex-- 
{ilosimir from tbe &>tc» being divided be^ 
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tween, and the heat communicated to, art 
: immense number of surfaces. 

My first safety lamps constructed on 
these principles, gave light in explosive mix- 
tures containing a great excess of air, but 
became extinguished in explosive mixtures 
in which the fire damp was in sufficient 
quantity to absorb the whole of the oxygen 
of the air, so that such mixtures never burnt 
continuously at the air feeders, which in 
lamps of this construction was important, as 
the increase of heat, where there was only a 
small cooling surface, would have altered the 
conditions of security. 

I made several attempts to construct 
safety lamps which should give light in all 
explosive mixtures of fire damp, and after 
comjilicated combinations I at length ar- 
rived at one evidently the most simple, that 
of surrounding the light entirely by wire 
gauze, and making the same tissue feed the 
flame with air and emit light. 

In plunging a light surrounded by a 
cylinder of fine wire gauze into an explosive 
mixture I saw the whole cylinder become 
quietly and gradually filled with flaaxe, the 
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upper part of it soon appeared red hot ; yet 
no explosion was produced. 

It was easy at once to see that by increas- 
ing the cooling surface in the top, or in any 
other part of the lamp, the heat acquired by 
it might be diminished to any extent ; and 
I immediately made a number of experi- 
ments to perfect this invention which was 
evidently the one to be adopted, as it ex- 
cluded the necessity of using glass or any 
ftisible or brittle substance in the lamp, and 
not only deprived the fire damp of its ex- 
plosive powers,, but rendered it an useful 
Ught. 

Though ^11 the specimens of fire damp 
which I had examined consisted of carbu- 
retted hydrogen mixed with different small 
proportions-^ of carbonic acid and common 
air, yet some phenomena that I observed in 
the combustion of a blower, induced me to 
believe that small quantities of olefiant gas 
may be sometimes evolved in coal mines 
with the carburetted hydrogen. — I therefore 
resolved to make all lamp$ safe to the test 
of the gas produced by the distillation of 
coal, which when it has not beeii exposed 
ta water always contains olefiant gas«--" 
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I placed my lighted lamps in a large 

glass receiver, through which there was a 

current of atmospherical air, and by means 

of a gasometer filled with coal gas, I made 

the current of air which passed into the 

lamp more or less explosive, and caused it to 

change rapidly or slowly at pleasure, so as 

to produce all possible varieties of inflam* 

mable and explosive mixtures ; and I found 

that iron wire gauze, composed of wires 

from one-fc»tieth to one-sixtieth of an inch 

in diameter, and containing twenty-eight 

wires or 784 apertures to the inch, was 

safe under all circumstances in atmospheres 

of this kind : and I consequently adopted 

this material in guarding lamps for the coal 

mines, where in January, ^^8 10, they were 

immediately adopted, and have long been in 

general use. 

Observalticms upon them in their working 
state, and upon the cireums^nces to which 
tiiey aue exposed^ have lad t3 a few improve^ 
ments or alteraticms, merely oooQeoted wi^ 
the jxkodes of increasing ligibt <^ dimioi^iiig 
tieaty "whkoki were very obvious firom th^ 
€iigtnal ooQflLruoticai; smd r^xp^imantu m 
the nature af ilame, tuad ti3» modiSiQfitioii» 
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©f combustion led me, in January, 1817, to 
an important practical addition, founded 
entirely upon a new principle. 

The wire gauze lamp in its common form 
burns in all atmospheres that are explosire, 
and by suspending or placing in it a littld 
cage of wire of platinum or palladium from 
one-sixtieth to one-seventieth of an inch in 
thickness, it yields a light in atmospheres too 
much contaminated with fire damp to be ex- 
plosive, a slow combination being occasioned 
by the heated platinum between the ele- 
ments of the gas and oxygen which produces 
sufficient heat to keep the metals of low 
conducting power and low capacity for heat 
permanently ignited wherever there is air 
enough to support life without suffering, 

I shall conclude this view by some ge- 
neral observations on flame and combustion 
which will shew more distinctly the causes 
and the limits of safety in lamps, and which 
will demonstrate the danger of combinations 
made with an imperfect knowledge of the 
principles of security. 

Flame may be defined to be aeriform or 
gaseous matter, heated to such a degree as 
to be luminous, and it may be produced 

c 
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independent of any chemical change a^ i» 
shewn in the discharge of voltsdc electricii:;]^ 
through an undecomposable gas; Ver^ 
concentrated electricity^ in passing through 
bodies, constantly heats, them whether thoys 
be solids fluid, or gaseous: and by tb& 
voltaic apparatus, the nature of flame is dis^ 
tinctly shewn. Flames, are conical because 
the greatest heat is in the centre of the mass» 
and because heated air rapidly ascends 
through cooler air. When Jlame i» jaro^ 
duced in chemical combination, gaseous 
matter is the cause of it ; and the heat of 
flames seems always proportional, other cii^ 
cumstances remaining the same to the ra«^ 
pidity of combination, and to the density of 
the gases, combining. Thus the heat of 
flames diminishes by rarefaction, and in- 
creases by condensation. Whenever com^ 
bustible gaseous matter bums in the atmo^ 
sphere, it must first mix. with'a certain quan- 
tity of air : if it require a high temperature 
for its combustion, it will be easily extin* 
guished by rarefaction, or by cooling agen« 
cies, whether of solid surfaces, or mixtures 
of incombustible gases : if it require a very^ 
low temperature for its combu^ion, it will 
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foum in highly rarefied ^ir, tft uBAet 
siderable cooling agettcies. 

By heating strbfligly gasw that bum with 
difficulty, their cofttinu^d^ inftanimatioh be- 
cdriies easy, in consequence of increments ojf 
heat occasioned by combustion of small 
i^^antities, which uiidef any other circum- 
litartces would n6t jiifoduce cotttinufed Com^ 
bustion. Hence if niixttires of fire damp 
B.te burnt froni systems of tubes or canals, 
6t metallic plates, which have small radi- 
ating and cooling surfaces: though these 
systems are safe at first, they become dan- 
gerous as they are heated.* Wh6re cur- 
rents are occasioned which concentrate ex- 
plosive mixtures by the air feeders in laMps 
being below,* and made in thick metallib^ 
{ilates or canals ; there being an incremenC 
df heat within, and a very small radiating 
surface \«^ithout, as the heat increases, the 
combustion of the explosive mixture w'ill 
gradually extend further, and at last com^ 

*' I-^arh the coal mitier against any pretended si&ily 
lamps made iit this manner, and which, to superficial 
obserrers, may appear to be Constructed upon principW 
of security, but in which these principles cannot neally 
exist. 

C 2 
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municate with the external air; for ex^ 
piosion will be conimumcated by any aper* 
ture, however small, provided it be suffix 
ciently heated. This circumstance is shewn 
in a very elegant manner in burning con- 
centrated mixtures of oxygen and hydrogen 
at the end of a long tube of one-sixtieth or 
one-seventieth of an inch in diameter, when 
the experiment begins, (the tube being cool) 
there is no danger ; gradually, however, as 
it becomes heat^,' the combustion steals as 
it were down the tube, and at last reaches 
the reservoir of the gases. 

Where one set of air feeders only are at- 
tempted in a lamp, they should present an 
uniform surfece, so that the radiating powers 
of the metd, and the cooling powers of the 
external gases, may immediately balance 
the heating powers of the internal gases; 
and where the radiating tissue is connected 
with other parts of the lamp, these parts 
should be so massy as to be slightly heated 
only, and present no means for a gradual 
accumulation of heat. Wire gauze, as it 
offers a greater extent of radiating surface 
than perforated metallic plates, is the best 
material for the guard of lamps ; and by 
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l>€fiDg made of the proper degree of fineness, 
k will form a barrier for every species of 
explosion requiring temperatures higher 
than those of our atmosphere : but the aper- 
tures must be smaller^ and the radiating 
sur&ces greater, in proportion to the in- 
flammability of the gas : and currents of 
concentrated explosive mixtures, acting even 
for any length of time, may be stopped by 
reduplications of wire gauze. Wire gauze 
for lamps must not be made of, or covered 
with any easily combustible metal: fine 
brass wire is improper, on account of the 
zinc it contains, and the iron wire should 
not be tinned. The body of the lamp 
should be of copper riveted together, or of 
massy cast brass or cast iron ; the screws 
should fit tight ; no aperture, however small, 
should be suffered to exist in the body of 
the lamp, and the trimming wire should 
move through a long tight tube. 

Flame, whether produced by the com- 
bustion of large or small quantities of ex- 
plosive mixture, may be always extinguished 
or destroyed by certain cooling agencies; 
and in proportion to the heat required to 
parry on the combustion, so is it more easily 
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dj^o^iied. T^ te»pei9tiir^ of oietoJ evie^ 
ifrben If ^ite li^ot, is fyr ^}0W that of ^aiae ; 
apd hepce re4 l^ot gaijize, in s^qflicient qusui* 
tity^ aad of the proper degree of iiaeqess, 
will abstfact ^u^cient heat from the flame 
of carhuretted hydrogen ojr fire damp, to 
«xtipguish it. 

Combinations of gases may be occasioned 
by a heat not sufficient to raise their tem^ 
pi^rature into flame, but they still produce 
heat d^ripg their combination, as is evident 
fpoip vfh^t has been stated page 17, wd 
yfhen in a mii^ture confining air and'copfi^. 
Ipi^tible gase^, the cooling agencies are too 
^a| to permit the appearance of flame or 
their contii^ued pombination^; §till this pom-' 
^ination mfiy be Icepjb up by the ignition of 
platinum, sp that with ^ certain quantity of 
plati^iipi in ^ cage of wire gaqzp* the fir© 
4ftmp m^y be entirely consumed without 
flame^ yielding only ^ beautify^ light by the 
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II. Extracts ftmn. Papers published in 
tht P\ulM^hk(d TraTKactionsy and in the 
ioumal of Science (tnd thk Aris^ o» the Fire 
J)amp, the Safety Lamp, and 'on Flame. 



1. On the Fire Damp of Coal Mine; tmd on Me- 
ikodt of lighting the lUine$, no* to prevent ita Bx- 
ph$ioH. Not. 0, 1815.* 

« The fire damp is produced in small 
quantities in coal mitteS, duriag the common 
process of working. 

The Rev. Mr. Hodgson infotmed me, 
that on pounding some common Newcastle 
coal fresh from the mine in a cask fur- 
nished with a small aperture, the gas from 
the aperture was inflammable. And on 
breaking some large lumps of coal under 
water, I ascertained that they gave oflF In* 
flammable gasf. Gas is likev^ise disefa- 

* From Pbil. Trams. 
t Thta ii probably owing to the coal stirata haTing 
bem fiwMd «iid«r a pressure greater ttan that of flie 
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^ged from bituminous shist, when it iy 
worked. 

The great sources of the fire-damp in 
inines are, however, what are called blowers? 
or fissures in the broken strata, near dykes^ 
from which .currents of fire-damp issue in 
considerable quantity, and sometimes for a 

atmospbere, so that they give off elastic fluid when they 
are exposed to the free atmosphere : and probably coals 
containing animal remains^ evolve not only the fire- 
damp, but likewise azote and carbonic acid. 

In the Apeanines, near Pietra Mala, I examined a fir^ 
produced by gaseous matter, constantly disengaged from 
9 shist striatum ; and from the results of the (fombustiop, 
I have no doubt but that it was pure fire-damp. Mr. 
M. Faraday, who accompanied me, and assisted me in 
my chemical experiments, in my journey, collected some 
gas from a cavity in the earth about a mile from Pietra 
Mala, then filled with water, and wl^ich, from the quan- 
tity of gas disengaged, is called Aqua Buja. I analysed 
it In the Qrand Duke's laboratory at Florence, and found 
that it was pure light carburetted hydrogene, requiring 
two volumes of b&ygene for its oombustioni and pro*- 
duoing a volume of carbppic acid gas. 

It is very probable^ that these gase^ are disengage^ 
from coal strata beneath the surface, or from bituminous 
shist above coal ; and at some future period new sources 
of riches may be opened to Tuscany from this invaluable 
mineral treasure, the use of which in this country hai| 
iupplied such extraordinary resources to industry. 
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tong course of years.* When old working* 
are broken into, likewise, they are often 
found filled with fire-damp ; and the deeper 
the mine the mori& common in general is 
this substance. 

I have analysed several specimens of the 
fire-damp in the laboratory of the Royal 
Institution ; the pure inflammable part was 
the same in all of them, but it was some-' 
times mixed with small quantities of atmo-* 
isphericjal air, and in some instances with 
azote and carbonic acid. 

Of six specimens collected by Mr, DuNM 
fi-om a blower in the Hepburn Colliery, by 
emptying bottles of water close to it, the 
purest contained one-fifteenth only of at-^ 
mospherical air, with no other contami- 
nation, and the most impure contained five- 
twelfths of atmospherical air ; so that this 
air was probably derived from the circum- 
ambient air of the mine. The weight of the 
purest specimen wa3 for 100 cubical inches 
19.5 grains. 

Pne measure of it required for its com* 

f Siv Jamb^ Lowther found a UDifonn current prp-* 
duced in one of his mines for two years and nine moQths, 
J^hil. Trans. Vol. jptXVni. p. Ii2. 
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plete combustion by the eleotric spark 
nearly two measures ^ oxygene^ aud they 
formed nearly one iDeataire of carbonic add. 
Sulphur heated i^rongly arkl repeatedly 
sublimed in a portion of it freed :fi:om oxy-* 
gene by phosphorus, produced a consider- 
able enlargement of its volume, sulphuretted 
hydrc^ene was fbnned, and chaarcoal pre- 
cipitated ; and it was found that the voluixie 
of the sulphuretted hydrogene produced, 
when it was absorbed by solution of potai^a, 
was exactly double that of the fire*damp 
decomposed. 

It did not act upon dilorine in 4ibe cold ; 
but, when an electric spark was passed 
through a mixture of I part of it with 2 of 
chlorine, tihere was an explosion, with a 
diminution to less than one^fourtlH and 
much charcoal was deposited* 

The analysis of specimens of gas sent 
to my friend JoHN Geouge Children, Esq* 
by Dr. Clanny, afforded me similar results ; 
but they contained variable quantities of 
Carbonic acid gas and azote. 

Different specimens of these gases were 
tried by the test of exposure to chlorine 
both in darkness and light : they exhibited 
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BO fnarks €ii the pree^ice of olefitftnt gw or 
hydrogene ; and the residuum produced by 
d/etonation with chlorine showed them to 
be tree from carbonic oxide. 

It is evident, then, that the opinion formed 
by other chemists respecting the iire-^amp 
is })erfectly correct ; and that it is the same 
substance as the inflammable gas of marshes, 
the exact chemical nature of which was first 
demonstratecl by Mr. Dalton ; and that it 
consists, according to my view of definite 
proportions, of 4 proportions of hydrogene 
in weight 4, and 1 proportion of charcoal 
in weight 1 1 .5. 

I made several experiments on the com-* 
bustibility and explosive nature of the fire^ 
damp. When 1 part of fire-damp was 
mixed with I of air, they burnt by the 
approach of a lighted taper, but did not 
explode ; i of air and 3 of air to 1 of gas 
produced similar results. When 4 of air 
and 1 of gas were exposed to a lighted 
candle, the mixture being in the quantity 
of 6 or 7 cubical inches in a narrow necked 
bottle, a flame descended through the mix*» 
ture, but there was no noise : 1 part of gaa 
taflame^i with 6 parts of air ia a similar 
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bottle, produced a slight whistling sound :• 
1 part of gas with 8 parts of air, rather a 
louder sound: 1 part with 10, 11, 12, 13 
and 14 parts, still inflamed, but the violence 
of combustion diminished. In 1 part of 
gas and 15 parts of air, the candle burnt 
without explosion with a greatly enlarged 
flame ; and the effect of enlarging the flame, 
but in a gradually diminishing ^atio, was 
produced as far as 30 parts of air to 1 of gas. 
The mixture which seemed to possess 
the greatest explosive power, was that of 7 
or 8 parts of air to 1 of gas ; but the report 
produced by 50 cubical inches of this mix- 
ture was less than that produced by one-tenth 
of the quantity of a mixture of 2 parts of 
atmospherical air and 1 of hydrogene. 

It was very important to ascertain the 
degree of heat required to explode the 
fire-damp mixed with its proper proportion 
of air. 

I found that a common electrical spark 
would not explode 5 parts of air and 1 of 
fire-damp, though it exploded 6 parts of air 
and 1 of damp : but very strong sparks from 
the discharge of a Leyden jar, seemed to 
have the same power of exploding 4ifl^rent 
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mixtures of the gas as the flattie of the taper^ 
Well burned charcoal, ignited to the 
strongest red heat, did not explode any ipix- 
ture of air and of the fire-damp ; anfl a fire 
made of well burned charcoal, i, e. charcoal 
that burned without flame, was blown up to 
whiteness by an explosive mixture contain- 
ing the fire-damp, without producing its in- 
flammation. An iron rod at the highest 
degree of red heat, and at the common de- 
gree of white heat, did not inflame explosive 
mixtures of the fire-damp ; but, when in 
brilliant combustion, it produced the effect. 

The flame of gaseous oxide of carbon as 
well as of defiant gas exploded the mix- 
tures of the fire-damp. 

In respect of combustibility, then, the 
fire-damp differs most materially from the 
other common inflammable gases. Olefiant 
gas, which I have found explodes mixed in 
tiie same proportion with air, is fired by 
both charcoal and iron heated to redness. 
Gaseous oxide of carbon, which explodes 
when mixed with 2 parts of air, is like- 
wise inflammable by red hot iron and char- 
coal. And hydrogene, which explodes 
when mixed with three-sevenths of its 
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Tdxalie of air^ tske9 fire at the lowest vitaMe 
heat of ima and charcoai ; and the cftse h 
tfaps^same with sulphuretted hydn)g6ne. 

I found that when 6 of mr and 1 of fire-* 
damp were exploded over water by a strong 
dectrical spark, the e!&plosion vTas not Very 
strong, and^ at the moment of the greatest 
expansion, the volume of the gas did not 
appear to be increased more than one-hal^« 

I mixed azote and carbonic acid in di^ 
ferent quantities with explosive mixtures 
of fire-damp, and I found that even in very 
small proportions they diminished the velo* 
c»ty of the inflammation. Azote, when mixed 
in the proportion of 1 to 6 of an explosive 
mixture, containing 1^ of air and 1 of fire- 
damp, deprived it of its power of explosion ; 
when 1 part of azote was mixed with 7 of 
an explosive mixture, only a* feeble blue 
flame slowly pass^ through the mixture, 

1 part of carbonic acid to 7 of an explo- 
sive iftixture deprived it of the power of 
ea^loding ; so that it& effects* are more re*^ 

* This appeftfs the expaDsion vrbm the tube is very 
small ; in larger tubes, it is considerably more. The 
volume of the gas appears at least tripled duriog the 
explosion. 
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markable than those of azote; probaMy, 
in consequence of its greater capacity fop 
heat, and probably, likewise, of a higher 
conducting power connected with its greater 
density. 

In exploding a mixture of 1 part of gas? 
from the distillation of coal, and 8 part» of 
air in a tube of a quarter of an inch in 
diameter and a foot long, more than a 
second was required before the fliame 
reached from one end of the tube to the 
other ; and I could not make any mixtura 
explode in a glass tube one-seventh of an: 
inch in diameter ; and this gas was more 
inflammable than the fire-damp, as it con- 
sisted of carburetted hydrogene gas mixedf 
with some olefiant gas. 

In exploding mixtures of fire-damp and 
air in a jar connected with the atmosphere 
by an aperture of half an inch, and connected 
with a bladder by a stopcock, having an aper- 
ture of about one-sixth of an inch,* I found" 

** Since thesft. ezperimentat were made^ Dr. Wq& 
i48Ym bas iDformed me, that Mr. Tennaut liad^ 
observed some time ago, that mixtures of the gas firom: 
the distillation of ooal and air, would not explode 
in v«r^ small tubes. 
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thftt the flame passed into the atmosphere/ 
but did not communicate through the stop- 
cock, so as to inflame the mixture in the 
bladder: and in comparing the power of 
tubes of metal and those of glass, it ap- 
peared that the flame passed more readily 
through glass tubes of the same diameter ;» 
and this phenomenon probably depends 
upon the heat lost during the explosion in 
contact with so great a cooling sur&ce, 
which brings the temperature of the first 
portions exploded below that required for 
the firing of the other portions. Metal is 
a better conductor of heat than glass : and 
it has been already shown that the fire-damp 
requires a very strong heat for its inflam* 
mation/' 

I found, likewise, that inflammation could 
not be communicated to explosive mixtures 
in long narrow canals of metal, or in short 
canals of smaller diameter, or through fine 
metallic gauze of the kind used for sieves. 

" The consideration of these various facts, 
led me to adopt a form of a lamp, in which 
the flame, by being supplied with only a 
limited quantity of air, should produce such 
a quantity of azote and carbonic acid, as to 
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prevent the explosion of the fire*damp, and 
which, by the nature of its apertures for giv- 
ing admittance and exit to the air, should 
be rendered incapable of communicating 
any explosion to the external air* 

*' Having succeeded in the construction 
of safe lanterns and lamps, equally portable 
with common lanterns and lamps, which 
afforded sufficient light, and which bore 
motion perfectly well, I submitted them in- 
dividually to practical tests, by throwing 
into them explosive atmospheres of fire- 
damp and air. By the natural action of the 
flame drawing air through the air canals, 
from the explosive atmosphere, the light 
was uniformly extinguished ; and when an 
explosive mixture was forcibly pressed into 
the body of the. lamp, the explosion was al- 
ways stopped by the safety apertures, which 
may be said figuratively to act as a sort of 
chemical fire sieves in separating flame from 
air. But I was not contented with these 
trials, and I submitted the safe canals, tubes, 
and wire gauze fire sieves, to much more 
severe tests : I made them the medium of 
communication between a large glacis vessel 
filled with the strongest explosive mixture of 

D 
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fcafburetted hydrogene and air» and h bladder 
two-thirds or one-half iuU of the same mix- 
ture, both insulated from the atmosphere. By 
means of wires passing near the stop-cock 
of the glass vesseU i fired tbe explosive 
mixture in it by the dideharge of a Leyden 
jar. The bladder always expanded at the 
moitatent the explosion was made ; acontmo- 
tion as rapidly took place ; and a lambent 
flame played round the mouths of the safety 
apertures, open in the glass vessel ; but the 
mixture in the bladder did not explode: 
and by pressing some of it into the gts»s 
Tassel, so as to make it replace the foul air, 
and subjecting it to the electric spark, re- 
peated explosions were produced, proving 
die perfect security of the safety apertures ; 
even when acted on by a much more pow*- 
erfal explosion than could possibly occur 
from the introduction of air from the mines. 
These experiments held good whatever 
were the proportions of the explosive mix- 
ture and whatever was the size of the glass 
vessel, (no one was ever used containing 
more than a quart) provided as many as 12 
metallic tubes were used of one-seventh of 
an inch in diameter, and two and a half 
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indhtfs hmg^ or provided the circular me- 
fcaiik canals, were one-'twe^ity^fifth ^ an 
inch in ^diameter, one^nd one-seveMh of an 
inch deep, and at least two inches in cir- 
cmnfenence ; or provided ^e wire gauze 
had apertores.of only one-one-hundred-and» 
twentksth jof an inch. Wlhen IS iBetaffic 
tubes were emj^oyed as 4he mediuih df 
oommnnication, one-seventh of an inch in 
diameter anid >an dnch ^long, <the ^exf^k^sion 
usas communicabed by tiiem into 4he 
hladden Woxix glass ^bes of ^he ^ene-siK- 
teenth of an in6h in dtameter and two 
inches long, did not oommiinicate the ^eK* 
plosion ; but one of this diameter and length 
produced the effect. The explosion was 
stopped by a single *ube one-twenty-eighiii 
of an inch in diameter, wben it was three 
inches long, but not when it tvas two indhes 
long. 

The explosion was stopped by the metallic 
gau% of one-one-hundred-and-twentietli 
when it jwas placed between the exploding 
vessel and the bladder, though it did not 
present a surface of more than half a square 
inch, and 4he explosive mixture in the 
bladder in passing through ft to supply the 

D 2 
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yacuum produced ia the glass vessel, burnt 
on the. surface exposed to the glass vessel 
for some secondSf producing a noiurmuring 
Jipise. 

^ circuilar canal bne-twenty-fifth of an 
inch in diameter, an inch and a half in cir- 
cumference, aad one and seven-tenths of an 
inch deep communicated explosion, but four 
concentric canals, of the sarnie depth and 
diameter^ and of which the. smallest was two 
inches in circumference, and separated from 
each other only by their sides, which were 
of brass, and about one-fortieth of an inch in 
thickness, did not suffer the explosion to act 
through them. 

It would appear then, that the smaller 
the circumference of the canal, that is the 
nearer it approaches to a tube, the greater 
must be its depth, or the less its diameter to 
render it safe. 

I did not perceive any difference in these 
experiments, when the metals of the aper- 
tures were warmed by repeated explosions ; 
it is probable, however, that considerable 
elevation of temperature would increase the 
power of the aperture to pass the explosion ; 
but the difference between the temperature 
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of flame, and that marked on our common* 
mercurial scale, is so great that the addition- 
of a few degrees of heat probably does not 
diminish perceptibly the cooling power of a 
metallic surfece, with regard to flame. 

By diminishing the diameter of the air 
canals their power of passing the explosion 
is so much diminished that their depth and 
circumference may be brought extremely 
low. I found that flame would not pass 
through a canal of the one-seventieth of an 
inch in diameter, when it was one^fourth of 
an inch deep, and forming a cylinder of only 
one-fourth of an inch in circumference ; and 
a number of apertures of one-one-hundredth 
of an inch are safe when their depth is 
equal to their diameter. It is evident from * 
these facts, that metallic doors, or joinings 
in lamps may be easily made safe by causing 
them to project upon and fit closely to 
parallel metallic surfaces. 

Longitudinal air canals of metal may, I 
find, be employed with the same security as 
circular canals ; and a few pieces of tin-plate 
soldered together with wires to regulate the 
diameter of the canal, answer the purpose o^ 



tbe feeder or safe chimney as well as drawa 
cylinders of brass. 

A candle will bum in a lanterti or glass 
tube made safe with metallic gauze, as welt 
as in the open air; I conceive, however, 
that oil lamps, in which the wick will al-* 
ways stand at the same height, will be pre- 
ferred. 

But the principle applies to every kind 
of light, and its entire safety is demon- 
strated. 

When the fire-damp is so mk&ed with 
the external atmosphere as to render it 6:x* 
plosive, the light in the safe lanterii or 
lamp will be extinguished^ and warning 
will be given to tbe miners to withdraw 
from, add to ventilate that part of the mine. 

It is probable^ that when explosions occur 
firom the sparks from the steel mill, the 
mixture of the fire-damp is in the propor- 
tion required to consume all the oxygene 
of the aifi for it is only in about this pro- 
portion that expldsive mixtures ,c^ be 
&red by eieetrical sparki firom a common 
machine^ 

As the wick may be moved without com- 
munication between the air in the safe Ian- 
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tmh or lamp and th« ^^tmosphere^ th§r§ is 

no danger in trimming of f^iqg them; 
but they shoyld be lighted in s^ part of the 
mine where there 19 no fire-dsump^ B^d by (l 
person charged with th^ fSiX^ of th^ lights! ; 

snd by these inventions, nped with siuch 

iimple {qrec!p.utionst there is eyery reason ^0 
believe 9. nymber of Uvei^ will be gaveda and 
much misery prevented. Where candles 

afe employed in the open air in the mines, 
life is extinguished by the e|i:plosion; with 

the wfe IftntCTn or safe lq.inp the light i9 
only put out, and no other inconyenieooe 
will pceuf. 

It do^s not appear, by what I hgtve learnt 
firom the miners, that brefttbing an atmo?- 

sphere containing a certain mixture of fire? 
damp near or even at the explosive point, 
is attended with any bad consequence. I 
ascertained that a bird lived in a mixture of 
equal parts of fire*damp and air; but he 
soon began to show symptoms of suffering* 
I found a slight head-ache produced by 
breathing for a few minutes an explosive 
mixture of fire-damp and air : and if merely 
the health of the miners be considered, the 
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fire-damp ought always to be kept for belo\r 
the point of its explosive mixture. 

Miners sometimes are found alive in a 
mine after an explosion has taken place : 
this is easily explained, when it* is consi- 
dered that the inflammation is almost always 
limited to a particular spot, and that it mixes 
the residual air with much common air ; and 
supposing 1 of fire-damp to 13 of air to be 
exploded, there will still remain nearly one- 
third of the original quantity of oxygene in 
the residual gas : and in some experiments, 
made 16 years ago, I found that an animal 
lived, though with suffering, for a short 
time, in a gas containing 100 parts of azote, 
14 parts of carbonic acid, and 7 parts of 
oxygene." 
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S. An Account of a Method for giving Light in 
explosive Mixtures of Fire-Damp in Coal Mines by 
consuming the Fire^Damp.* Jan. 1810. 

. " In this communication I shall describe 
a light that will burn in any explosive 
mixture of fire-damp, and the light of which 
arises from the combustion of the fire-damp 
itself. 

" The invention consists in covering or 
surrounding a flame of a lamp or candle by 
a wire sieve ; the coarsest that I have tried 
with perfect safety contained 625 apertures 
in a square inch, and the wire was one- 
seventieth of an inch in thickness, the 
finest 6,400 apertures in a square inch, and 
the wire was one-two-hundred-and-fiftieth 
of an inch in diameter. 

" When a lighted lamp or candle screwed 
into a ring soldered to a cylinder of wire 
gauze, having no apertures except those of 
the gauze, or safe apertures, is introduced 
into the most explosive mixture of car- 
buretted hydrogen and air, the cylinder 
becomes filled with a bright flame, and this 

. * From Phil. Trans. 
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jQame continues to bum as long as the 
mixture is explosive. When the carbu- 
retted hydrogen is to the air as 1 to 13, 
the flame of the wick appears within the 
flame of the fire damp, when the propor- 
tion is as high as 1 to 1, the flame of the 
wick disappears. 

** When the thickest wires are used in the 
gauze it becomes strongly red hot, particu* 
larly at the top, but yet no explosion takes 
place. The flame is brighter the larger the 
apertures of the gauze, and the cylinder of 
625 apertures to the square inch, gives a 
brilliant light in a mixture of 1 part of 
gas from the distillation of coal and 7 parts 
of air. The lower part of the flame ii 
green, the middle purple, and the upper part 
blue. 

" I have tried cylinders of 6400 apertureil 
to the square inch, in mixtures of oxygen 
and carburetted hydrogen, and even iit 
mixtures of oxygen and hydrogen, and 
though the wire became intensely red hot^ 
yet explosions never took place ; the com- 
bustion was entirely limited to the interior 
of the lamp. 
'' In all th^$e experiments^ there was a 
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noise like that produced by the burning of 
hydrogen gas in open tubes. 

*' These extraordinary and unexpected 
results lead to many enquiries, respecting 
the nature and communication of flamey 
but my object at present is only to point 
out their application to the use of the col- 
lier. 

*' All that he requires to ensure security, 
are small wire cages to surround his candle 
or his lamp, which may be made for a few 
pence, and of which various modifications 
mfay. be adopted, and the application of this 
discovery will not only preserve him from 
the fire-damp^ but enable him to apply it to 
uie, and to destroy it at the same time that 
gives him a useful light" 
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3* On the Combustion of eocplosive Mixture$ con^ 

fined by Wire Gauze,'^ 

** I HAVE pursued my enquiries respecting 
the limits of the size of the apertures and of 
the wire in the metallic gauze, which I have 
applied to secure the coal miners from th* 

* From Pbil. Tbani^. 
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explosions of fire-damp. Gauze made of 
brass wire, one-fiftieth of an inch in thick- 
ness, and containing only ten apertures to 
the inch, or 100 apertures in the square 
inch, employed in the usual way as a guard 
of flame, did not communicate explosion in 
a mixture of 1 part of coal gas and 12 
parts of air, as long as it was cool, but as 
soon as the top became hot, an explosion 
took place. 

" A quick lateral motion likewise enabled 
it to communicate explosion. 

" Gauze made of the same wire, con- 
taining 14 apertures to the inch, or 196 
to the square inch, did not communicate 
explosion till it became strongly red hot, 
when it was no longer safe in explosive 
mixtures of coal gas ; but no motion that 
could be given to it, by shaking it in a close 
jar, produced explosion. 

" Iron wire gauze of one-fortieth, and 
containing 240 apertures in the square inch, 
was safe in explosive mixtures of coal gas, 
till it became strongly red hot at the top. 

" Iron wire gauze of one-fiftieth, and of 
24 apertures to the inch, or of 576 to the 
square inch, appeared safe under all cir- 
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cumstances in explosive mixtures of coal 
gas. I kept up a continual flame in a 
cylinder of this kind, 8 inches high and 2 
iHcfaes in diameter, for a quarter of an hour, 
varying the proportions of coal gas and air 
as far as v^as compatible with their in^ 
flammation ; the top of the cylinder, for 
some niinutes, was strongly red hot, but 
though the mixed gas was paas^jd^japidly 
through it by pressure from a^ gasometer 
and a pair of double bellows, so as J:o make 
it a species of blast furnace, yet- no ex- 
plosion took place. 

" I mentioned in my last communication 
to the Society, that a flame confined in a 
cylinder of very fine wire gauze, did not 
explode a mixture of oxygene and hy- 
drogene, but that the gases burnt in it 
with great vivacity. I have repeated this 
experiment in nearly a pint of the most 
explosive mixture of the two gases ; they 
burnt violently within the cylinder, but, 
though the upper part became nearly white 
hot, yet no explosion was communicated, 
and it was necessary to withdraw the cylinder 
to prevent the brass wire from being melted^ 

" These results are best explained by 
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considering the nature of the flame of com* 
bustible bodies^ which, in ail cases, must 
be considered as the combustion of an>x-* 
plosive mixture of inflammable gas, or vapoiir 
and air; fcr it canaKit be regarded as :a 
mere combustion at the surface c^ contact 
of the inflammable matter : and the fact is 
proved by holding a taper or a piece of 
burning phosphorus within a large flame 
made by the combustion of alcohol, the 
flame of the candle or of the phosphorus 
will appear in the centre of the otiater flame, 
proving that there is oxygene even in ite 
interior part 

^ The heat communicated by flame must 
depend upon its mass; this is shown by 
the fact, that the top of a slender cylinder 
of wire gauze hardly ever becomes dull redl 
in the experiment on an explosive mixture, 
whilst in a larger cylinder, made of liie 
same material, the central part of the top 
soon becomes bright red. A large quantity 
of cold air thrown upon a small flame, 
lowers its heat beyond the explosive point, 
and in extinguishing a flame by blowing 
upon it, the efiect is probably principally 
produced by this cause. 
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"^ If a piece of wire gauze siete is held 
over a ^ame of & lamp or of coal gas, 
it prevents the flame frotu passing it, and 
the pl^nometion is predsely simiku- to that 
exhibited hf the tviie gauze cylinders ; the 
«dr passing through is ibond very hot, for 
it will oenvett paper into chs^t^oal; and it 
is wn explosive mixture, for it will inflame 
if a tigbtod taper be presented ito it, bat 
it IS edoled below the explosive point by 
passing through wires ewn red hot, and 
by being mixed with a considerable quan- 
tity of air comparatively cold. The real 
temperature of visible flame is perhaps as 
high as any we are acquainted with. Mr. 
Tbnn^nt was in liie faabk of lowing aen 
experiment, which demonstrates the inten- 
sity of its heat. He used to fuse a small 
iSlamecft ^ platimam in ^e flame of a 
common <3and)e ; tmd ik is proved by many 
isidBs, (hat a stream of air may be made 
tto render a metafile body white ^hot, yet 
ndt be itself luminoas. 

*' A ocmsiderabte mass 'of heated metal 
ift i^eqnited to . inflame even ceal gas, <>r the 
contact of the same mixture with an ex- 
tensive heated Tsuriace. An iron wire of 
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I 

one-twentieth of an inch and 8 inches long 
red hot, when held perpendicularly in a 
stream of coal gas, did not inflame it, nor 
did a short wire of one-sixth of an inch 
produce the effect held horizontally ; but 
wire. of the same size^ wjben six inches of it 
were red hot, and when it ^as held perpen- 
dicularly in a bottle, Cft|it#iaing an ex- 
plosive mixture, so that h^^as successively 
communicated to portions of the gas, pro- 
duced its explosion/' 



4. Some new V%ew$ and ExperimenU re$pecting 

Flame. ♦ 

When a wire gauze safe lamp is made 
to burn in a very explosive mixture of coal 
gas and air, the light is feeble, and of a 
pale colour; whereas the flame of a current 
of coal gas burnt in the atmosphere, . as is 
well known by the phenomena of the gas 
lights, is extremely brilliant. I have en- 

* From the Journal of Science and the Arts. 
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devoured to shew, page 46, that in all cases 
flame is a ccHitinued combustion of explosive 
mixtures ; it becomes, therefore, a problem 
of some interest, " Why the combustion of 
explosive mixtures, under different circum- 
stances, should produce such different ap- 
pearances ?" A very acute philosopher, who 
himself started the subject in conversation, 
suggested the idea, that in the combustion 
of explosive mixtures within the lamp, car- 
bonic oxide might be formed ; and that the 
light might be deficient, from the deficiency 
of the quantity of oxygene necessary to 
produce carbonic acid. On submitting this 
idea to the test of experiment, it was dis- 
covered to be unfounded; for, by the com* 
bustion in the wire gauze lamp, carbonic 
acid was produced in quantities as great 
as could have been expected from the 
quantity of oxygene consumed; and on 
adding oxygene to a mixture in quantities 
more than sufficient to bum the whole of 
the gas, the character of the light still con- 
» tinned the same. 

In reflecting on the circumstances of the 
two species of combustion, I was led to 
imagine that the cause of the superiority of 

£ 
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the light of the stream of coal gas might 
be owing to the decomposition of a part of 
the gas towards the interior of the flame 
where the air was in smallest quantity, and 
the deposition of solid charcoal, which, first 
by its ignition, and afterwards by its com-- 
bustion, increased in a high degree the in- 
tensity of the light ; and a few experiments 
soon convinced me that this was the true 
solution of the problem, 

I held a piece of wire gauze, of about 
900 apertures to the square inch, over a 
stream of coal gas issuing from a small pipe, 
and inflamed the gas above the wire gauze, 
which was almost in contact with the orifice 
of the pipe ; when it burned with its usual 
bright light. On raising the wire gauze so 
as to cause the gas to be mixed with more 
air before it inflamed, the light became 
feebler ; and at a certain distance the flame 
assumed the precise character of that of an 
explosive mixture burning within the lamp; 
but though the light was so feeble in this 
last case, the heat was greater than when 
the light was much more vivid, and a piece 
of wire of platinum held in this feeble blue 
flame became instantly white hot. 

On reversing the experiment by in- 
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"flammg a stream of coal gas, and passing 
J9L piece of wire gauze gradually from the 
summit of the flame to the orifice of the . 
pipe, the result was still more instructive ; 
for it was found that the apex of the flame 
intercepted by the wire gauze afforded no 
^olid charcoal ; but in passing it downwards, 
solid charcoal was given off in considerable 
quantities, and prevented from burning by 
the cooling agency of the wire gauze ; and 
at the bottoiji of the flame, where the gas 
burnt blue in its immediate contact with 
the atmosphere, charcoal ceased to be de- 
posited in visible quantities. 

This principle of the increase of the bril- 
liancy and density of flame by the produc- 
tion and. ignition of solid matter, appears 
to admit of many applications. 

1st. It explains readily the appearances 
of the different parts of the flames of 
burning bodies, and of flame urged by the 
blow-pipe : the point of the inner blue flame, 
where the heat is greatest, is the point 
where the whole of the charcoal is burnt in 
its gaseous combinations without previous 
Reposition. 

' 2dly. It explains the intensity of the light 

e2 
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<if those flames in whidi fixed solid matter 
is produced in combustion, such as that 
of the flame of phosphorus* and of zinc in 
oxygene, &c. and of potassium in chlorine; 
and the feebleness of the light of those 
flames in which gaseous and volatile matter 
alone is produced, such as those of hydro- 
gene and sulphur in oxygene, phosphorus 
in chlorine, &c. 

Srdly. It offers means of increasing the 
light of certain burning substances, by 
placing in their flames even incombustible 
^ubstances« Thus the intensity of the light 
of burning sulphur, carbonic oxide, &c* is 
wonderfully increased by throwing into them 
oxide of zinc, or by placing in them very 
fine dmianthus or metallic gauze. 

4thly. It leads to deductions respecting 
the chemical nature of bodies and various 
phenomena of their decomposition. Thus 
ether burns with a flame which seems to in- 
dicate the presence of olefiant gas in that 
substance. Alcohol burns with a flame si- 

^ Since this paper has been written I have found 
that phosphoric acid volatilizes slowly at a strong teA 
heat, but under moderate pressure it bears a white beat, 
and in a flame so intense as that of phosphorlli«,:the 
elastic force must produce the effect of compression^ 
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milar to that of a mixtare of carbonic oxide 
and hydrogene ; so that the first is probably 
a binary compound of olefiant gas and 
water, and the second of carbonic oxide 
and hydrogene. 

When cuprane or protochlorid of copper 
is introduced into the flame of a candle or 
lamp, it affords a peculiar dense and bril- 
liant red light, tinged with green and blue 
towards the edges, which seems to depend 
upon the chlorine being separated from the 
copper by the hydrogene, and the ignition 
and combustion of the solid copper and 
charcoal. 

Similar explanations may be given of 
the phenomena presented by the action of 
other combinations of chlorine on flame ; 
and it is probable, in many of those cases 
when the colour of flame is changed by 
the introduction of incombustible com- 
pounds, that the effect depends upon the 
production and subsequent ignition or com- 
bustion of inflammable matter from them. 
Thus the rose-coloured light given to flame 
by the compounds of strontium and calcium,* 

* A similar effect I find is produced by the compounds 
of the new fixed alkali lithia which serves to distinguish 
its compounds from those of Potassa and Soda.-^ISIS* 
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and the yellow colour given by those of 
barium^ and the green by those of boroi^ 
may depend upon a temporary production 
of these bases by the mflammable matter 
of the flame. 

Whenever a flame is remarkably bril- 
liant and dense, it may be always coi> 
eluded that some solid matter is produced 
in it : on the contrary^ when a flame is 
extremely feeble and transparent, it may 
be inferred that no solid matter is formed* 
Thus none of the volatile combinations of 
sulphur burn with a flame in the slightest 
degree opaque ; and, consequently, there is 
po reason, from the phenomena of its flame^ 
to suspect the existence of any fixed basis 
in sulphur. 

5thly. These views will probably ofFeir 
illustrations of electrical light. The voltaic 
arc of flame from the great battery, differs in 
colour and intensity according as the subr 
stances em ployed in the circuit are different; 
and is infinitely more brilliant and dense with 
charcoal than with any other substance. 
May not this depend upon particles of the 
substances separated by the electrical at- 
tractions ? and the particles of charcoal 
being the lightest amongst solid bodies, (asi 
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their elementary proportional number shews,) 
and the least coherent, would be separated 
in the largest quantities. 

6thly. The heat of flames may be ac- 
tually diminished by increasing their Ught, 
(at least the heat communicable to other 
matter,) and vice versa. The flame from 
combustion which produces the most intense 
heat amongst those I have examined, is 
that of a mixture of oxygene and hydro- 
gene in slight excess, compressed in a blow- 
pipe apparatus, and inflamed from a tube 
having a very small aperture.* This flame 
is hardly visible in bright day-light, yet it 
instantly fuses very refractory bodies ; and 
the light from solid matters ignited in it, is 
so vivid as to be painful to the eye. 

July, 1816. 

*^ * John George Children, Esq. first proposed to me 
this application of the blow-pipe by compression, im- 
mediately after I had discovered that the explosion from 
dxygene and hydrogene might be arrested by very small 
apertures, and I first tried the experiment with a fine 
glass capillary tube. The flame was not visible at 
the end of this tube, being overpo;»ered by the brilliant 
star of the glass ignited at the aperture.*' The results 
produced by the action of this flame on solid bodies, 
were so similar to those published by Mr. Hare some* 
years ago, that I did not think them worthy of par* 
ticular notice. 
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5. Some (idditianal Researches on Flame, *^ 

Jan. 1817. 

" That greater distinctness may exist in 
these details, I shall treat of my subjects 
under four heads. In the first I shall dis- 
cuss the effects of rarefaction, by partly 
removing the pressure of the atmosphere 
upon flame and explosion. In the second, 
I shall consider the effects of heat in com- 
bustion. In the third, I shall examine the 
effect of the mixture of gaseous isubstances 
not concerned in combustion upon flame 
and explosion. In the fourth, I shall offer 
some general views upon flame, and point 
out certain practical and theoretical appli- 
cations of the results. 

1. On the effect of rarefaction by partly removing the 
pressure of the atmosphere upon flame and explosion. 

The earlier experimenters upon the 
BoYLEAN vacuum observed that flame 
ceased in highly rarefied air : but the degree 
of rarefaction necessary for this effect, has 
been differently stated. Amongst late ex- 

* Phil. Trans. 
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perimenters, M. de Grotthus has ex- 
amined this subject. He has asserted that 
a mixture of oxygene and hydrogene ceases 
to be explosive by the electrical spark when 
rarefied sixteen times, and that a mixture 
of chlorine and hydrogene cannot be ex-» 
ploded when rarefied only six times, and he 
generalises by supposing that rarefaction, 
whether produced by removing pressure or 
by heat, has the same effect. 

I sl^U not begin by discussing the ex- 
periments of this ingenious author. My 
own results and conclusions are very dif- 
ferent from his ; and the cause of this dif^ 
ference, will I think be obvious in the course 
€( these inquiries. I shall proceed in stating 
the observations which guided my re- 
searches. 

When hydrogene gas slowly produced 
from a prosper mixture was inflamed at a 
fine orifice of a glass tube, as in the experi- 
ment called the philosophical candle, so as 
to make a jet of flame of about one-sixth of 
an inch in height, and introduced under the 
receiver of an air pump containing from 
200 to 300 cubical inches of air, the flame 
enlarged as the receiver became exhausted ; 
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and when the gage indicated a pressure 
between 4 and 5 times less than that of the 
atmosphere was at its maximum of size, it 
then gradually diminished below, but burned 
above till the pressure was between 7 and 8 
times less, when it became extinguished. 

To ascertain whether the effect depended 
upon the deficiency of oxygene, 1 used a 
larger jet with the same apparatus, when 
the tlame to my surprise burned longer, and 
when the atmosphere was rarefied ten times, 
and this in repeated trials. When the larger 
jet was used, the point of the glass tube 
became white hot, and continued red hot till 
the flame was extinguished. It immediately 
occurred to me, that the heat communicated 
to the gas by this tube, was the cause that 
the combustion continued longer, in the last 
trials when the larger flame was used ; and 
the following experiments confirmed the 
conclusion. A piece of wire of platinum 
was coiled round the top of the tube, so as 
to reach into and above the flame. The jet 
of gas of one-sixth of an inch in height was 
lighted and the exhaustion made ; the wire 
of platinurp soon became white hot in the 
(!entre of the flame, and, a small point oi^' 
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vire near the top fused ; it continued white 
hot till the pressure was 6 times less, when 
it was 10 times it continued red hot at the 
upper part, and as long as it was dull red, 
the gas though extinguished below, con- 
tinued to burn in contact with the hot wire, 
and the combustion did not cease until the 
pressure was reduced 13 times. 

It appears from this result, that the 
flame of hydrogene is extinguished in rare- 
fied atmospheres, only when the heat it 
produces is insufficient to keep up the com- 
bustion, which appears to be when it is inca- 
pable of communicating visible ignition to 
metal, and as this is the temperature re- 
quired for the inflammation of hydrogene at 
common pressures, it appears that its com- 
bmtibility is neither diminished nor increased 
by rarefaction from the removal of pressure. 

According to this view with respect to 
hydrogene, . it should follow that amongst 
other combustible bodies, those which re- 
quire least heat for their combustion, ought 
to burn in more rarefied air than those that 
require more heat, and those that produce 
much heat in their combustion ought to 
burny other circumstances being the ^me^ 



60 

in more rarefied air than those that produce 
little heat : and every experiment I have 
made confirtns these conclusions. Thus 
olefiant gas which approaches nearly to 
hydrogene in the heat produced by its com- 
bustion, and which does not require a much 
higher temperature for its inflammation^ 
when its flame was made by a jet of gas 
from a bladder connected with a small tube 
furnished with a wire of platinum, under the 
same circumstances as hydrogene, ceased to 
burn when the pressure was diminished 
between 10 and 1 1 times : and the flames 
of alcohol and of the wax taper which 
require a greater consumption of heat for 
the volatilization and decomposition of their 
combustible matter, were extinguished when 
the pressure was five or six times less without 
the wire of platinum, and 7 or 8 times less 
when the wire was kept in the flame. 
Light carburetted hydrogene, which pro- 
duces, as will be seen hereafter, less heat in 
combustion than any of the common com- 
bustible gases, except carbonic oxide, and 
which requires a higher temperature for its 
inflammation than any other, had its flame 
extinguished, even though the tube was fur- 
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nished with £he wire when the pressure was 
below one*fourth. 

•n.e flame rf carbonic oade which, 
though it produces Httle heat in combustion, 
is as inflavimable as hydrogene, burned 
when the wire was used, the pressure being 
one-sixth. 

ITie flame of sulphuretted hydrogene, 
the heat of which is in some measure carried 
off by the sulphur produced by its decom^ 
position during its combustion in rare air, 
when burned in the same apparatus as the 
olefiant and other gases, was extinguished 
when the pressure wn one-seventh. 

Sulphur, which requires a lower tem- 
perature for its combustion than any c(»n* 
mon inflammable substance, ekcept phos* 
phorus, burned with a very fee We blue flame 
in air rarefied fifteen times, and at this 
pressure the flame heated a wire of platinum 
to dull redness, nor was it extinguished till 
the pressure was reduced to one-twentieth.* 



* The tempa'ature of Ibe atmosphere diminishes iti a 
certain ratio \9ititk its height, W&idi nmst be fended to 
in the coaclusiofis respeetiiig combiistion in the «pper 
regions of the atmosphere, and the devatien iii«ist be 
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Phosphorus, as has been shown by M. 
Van Marum, bums in an atmosphere rare- 
fied 60 times ; and I found that phosphu- 
retted hydrogene produced a flash of light 
when admitted into the best vacuum that 
could be made, by an excellent pump of 
Nairn's construction. 

The mixture of chlorine and hydrogene 
inflames at a much lower temperature than 
that of hydrogene and oxygene, and pro- 
duces a considerable degree of heat in com^ 
bustion; it was therefore probable that it 
would bear a greater degree of rarefaction, 
without having its power of exploding de- 
stroyed ; and this I found by many trials is 
actually the case, contrary to the assertion 
of M. de Grotthus. Oxygene and hy- 
drogene in the proportion to form water, 
will not explode by the electrical spark 
when rarefied eighteen times, but hydrogene 
and chlorine in the proportion to form mu- 

somewhat lower than in arithmetical progression, the 
pressure decreasing in geometrical progression. 

There is, however, every reason to believe, that the 
taper would be extinguished at a height of between 
.and 10 miles, hydrogene between 12 and 13, and sulphur 
between 15 and lA. 
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riatic acid gas, gave a distinct flash of light 
under the same circumstances, and they 
combined with visible inflammation when 
the spark was passed through them, the ex- 
haustion being to one-twenty-fourth. 

The experiment on the flame of hydro- 
gene with the wire of platinum, and which 
holds good with the flames of the other 
gases, shows, that by preserving heat in ra- 
refied air, or giving heat to a mixture^ in- 
flammation may be continued when, under 
.common circumstances, it would be extin- 
guished. This I found was the case in 
other instances, when the heat was diffe- 
rently communicated : thus, when camphor 
was burned in a glass tube, so as to make 
the upper part of the tube red hot, the in- 
flammation continued when the rarefaction 
was 9 times, whereas it would only ^con- 
tinue in air rarefied 6 times, when itwas 
burned in a thick metallic tube which could 
not be considerably heated by it. 

By bringing a little naphtha in contact 
with red hot iron, it produced a faint lam- 
bent flame, when there remained in the re- 
ceiver only one-thirtieth of the original 
quantity of air, though without foreign 
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hksit its flame was extinguished when the 
quantity was one-sixth. 

I rarefied a mixture of oxygene and 
hydrogene by the air pump to about eigh- 
teen times, when it could not be inflamed 
by the electric spark. I then heated strong- 
ly the upper part of the tube till the glass 
began to soften, and passed the spark, when 
a feeble flash was observed not teaching 
far into the tube, the heated gases only ap- 
pearing to enter int« inflammation. This 
last experiment requires coniademble care. 
If the exhaustion be much greater, or if the 
heat be raised very slowly,* it does not 
succeed ; and if the heat be raised so high 
as to make the glass luminous, the flash of 
light, which is extremely feeble, is not vi- 
sible: it is difiicult to procure the proper 
degree of exhaustion, and to give the exact 
degree of heat; I have, however, succeeded 
three times in obtaining the results, and 
in one instance it was witnessed by Mr. 
Brande. 

To elucidate the enquiry still ferther, 

« The rcMOD vritt be obvious from what will be stated 
page 72. 
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I made a series of experiments on the heat 
produced by some of the inflammable ga es 
in combustion. In comparing the heat com- 
municated to wires of platinum by flames of 
the same size, it was evident, that hydro- 
gene and olefiant gas in oxygene, and hy- 
drogene in chlorine, produced a much 
greater intensity of heat in combustion, than 
the other gaseous substances I have named 
burned in oxygene : but no regular scale 
could be formed from observations of this 
kind. I endeavoured to gain some approx- 
imations on the subject by burning equal 
quantities of different gases under the same 
circumstances, and applying the heat to an 
apparatus by which it could be measured. 
For this purpose a mercurial gas holder 
was furnished with a system of stop cocks, 
terminating in a strong tube of platinum 
having a minute aperture. Above this was 
fixed a copper cup filled with olive oil, in 
which a thermometer was placed. The oil 
was heated to 212"* to prevent any diffe- 
rences in the communication of heat by 
the condensation of aqueous vapour; the 
pressure was the same for the different gases 
and they were consumed as nearly as pos- 
sible in the s^me time, and the flame ap- 

F 
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plied, to the same point of the copper cup, 
the bottom of which was wiped after each 
experiments 

The results were as follows: 
The flame from olefiant gas reused the ; 

thermometer to • ^70 

. hydrogene • - 238 

— sulphuretted hydrogene 232 

\ coal gas - - 236 

: : gaseous oxide of carbon 218 

The quantities of oxygene consumed (that 
absorbed by the hydrogene being taken as 1 ) 
would be, supposing the combustion perfect, 
for the olefiant gas 6, for the sulphuretted hy- 
drogene 3, for the carbonic oxide 1. ' The 
coal gas contained only a very small propor- 
tion of olefiant gas; supposing it to be pure 
.carburetted hydrogene, it would have con- 
sumed 4 of oxy gene% Taking the elevations 
of temperature, and the quantities of oxygene 
consumed as the data, the ratios of the heat 
produced by the combustion of the different 
gases, would be for hydrogene 26, for olefiant 
gas 9.66, for sulphuretted hydrogene 6.66, 
for carburetted hydrogene 6, for cairbonic 
oxide 6*. 

^ These results may be compared^ith Mr. Dalton V 



It will be useless to reason upon this 
ratio as exact, for charcoal was deposited 
both from the olefiatit gas and coal gas 
duriftg^ the , ^xperim^nt, and mucl^ sulphur 
W^ 4$po»>ted from the sulphuretted hy- 
drqgene; land-ther^js great yeaspri )bo;bje\ieve, 
that the capacities oC:/luids for hep.t increase 
with ;thejr,tefnpera^ure. It confirms^ how- 
ever, the general /inclusions, and proves 
that hydrogene stands at the bead Qf the 
scale, and gaseous: oxide of carbon ^t the 
bottom. ^ It might »t f^rst view be imagined 
liiat^tacCQrding tp thi§^^lp» the flame of 
carbonic: oxide ought to be extinguished by 
rarefaction, at the same degree as that of 
carburetted hydrogene ; but it must be re- 
membered, as I have mentioned in another 
place, that oafbonic oxide js a much more 
combustible gas. Carbonic oxide inflames 
in the atmosphere when brought into contact 
with an iron wire heated to dull redness, 
whereas carburetted hydrogene is not in- 
flammable by a similar wire, unless it 19 
heated to whiteness so as to burn with sparks. 

new system of Chemical Philosophy ; they agree in 
shewing that hydrogene prodaces more heat in combus- 
tion than any of its compounds. 

F 2 
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^. On the effects of rarefaction by heat on combustion ani 

explosion* 

The results detailed in the preceding 
section arc indirectly opposed to the opi- 
nion of M. DE Grotthus, that rarefaction 
%y heat destroys the combustibility of gas- 
eous mixtures. Before I made any direct 
experiments on this subject, I endeavoured 
to ascertain the degree of expansion which 
can be communicated to elastic fluids by 
the strongest heat that can be applied to 
glass vessels. For this purpose I introduced 
into a graduated curved glass tube some 
fusible metal. I heated the fusible metal 
and the portion of the tube containing the 
air included by it, under boiling water for 
some time. I then placed the apparatus in 
a charcoal fire, and very gradually raised 
the temperature till the fusible metal ap- 
peared luminous when viewed in the shade. 
At this time the air had expanded so as to 
occupy 2.£5 parts in the tube, it being 1 at 
the temperature of boiling water. Another 
experiment was made in a thicker glass 
tube, and the heat was raised until the tube 
began to run together ; but though this heat 
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appeared cherry red, the expansion was not 
to more than 2.5, "and a part of this might 
perhaps have been apparent only, owing to 
the collapsing of the glass tube before it 
actually melted. It may be supposed that 
the oxidation of the fusible metal may have 
had some effect in making the expansion 
appear less ; but in the first experiment the 
air was gradually brought back to its ori- 
ginal temperature of boiling water, when 
the absorption was scarcely sensible. If M. 
Gay Lussac's conclusions be taken as the 
ground work of calculation, and it be sup- 
posed that air expands equally for equal in- 
crements of temperature, it would appear 
that the temperature of air capable of ren- 
dering glass luminous must be 1035^ Fah- 
renheit.* 

M. DE Grotthus describes an experi- 
ment in which atmospheric air and hydro- 
gene, expanded to four times their bulk over 

* The mode of oscertaioing temperatures as high a9 
the point of fusion of glass by the expansion of air, seems 
more unexceptionable than any other. It gives for the 
point of visible ignition nearly the same degree as that 
deduced by Newton from the times of the cooling of 
ignited metal in the atmosphere* 
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mercury by heat, would not inflame by the 
electric spark. • It is evident, that in this 
63dperiment a large qu&ptity of steam or of 
rtiercurial vapour must have ;been present, 
which like other inexplosive da*tic fluids, 
prevents combustion when mixed in certain 
quahtiticis With explosive mixtures ; but 
though he iseettis aware that his gases were 
not dry, yet be draws his general conclusion, 
that expansion by heat destroys the explosive 
powers of gases, principally from this incon- 
clusive experiment. ' 

I introduced into a Small graduated tube 
over well boiled mercury, a mixture of two 
parts of hydrogene arid one of oxy gene, and 
heated the tube by a large spirit lamp till 
the volume of the gas was increased from I 
to 2.5. I then, by means of a blow pipe 
and another spirit lamp, made the upper 
part of the tube red hot, when an explosion 
instantly took place. 

I introduced into a bladder a mixture 
of oxy gene and hydrogene, and connected 
this bladder With ia thick glass tube of about 
one-sixth of an inch in diameter and three 
feet liong^ curved so that it could be gradu- 
ally heated in a charcoal furnace ; two spirit 



71 

lampa were placed under the tube where it 
entered the char<ioal fire, and the mixture 
was very slowly pressed through : an explo- 
sion took place befote the tube was red hot. 

This experiment shows that expansion 
by heat, instead of diminishing the combus* 
tibility of gases, on the contrary, enables 
them to explode apparently at a lower tetn* 
perature, which seems perfectly reasonable^ 
as a part of the heat communicated by any 
ignited body must be lost in gradually rais^ 
ing the temperature. I made several other 
experiments which establish the same con* 
elusions. A mixture of common air and 
hydrpgene was introduced into a small 
copper tube, having a stopper not quite 
tight; the copper tube was placed in a 
charcoal fire ; before it became visibly red 
an explosion took place, and the stopper was 
driven out. 

I made various experiments on explo- 
sions by passing mixtures of hydrogene and 
oxygene through heated tubes ; in the be^ 
ginning of one of these trials, in which the 
heat was much below redness, steam ap- 
peared to be formed without any combu$« 
tion* This led me to expose mixtures of 
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oxygene and hydrogene in tubes^ in which 
they were confined by fluid fusible metal to 
heat ; and I found that by carefully appty^ 
ing a heat between the boiling point of mer- 
cury, which is not sufficient for the effect, 
and a heat approaching to the greatest heat 
that can be given without making glass lu- 
minous in darkness, the ccmibination was 
effected without any violence and without 
any light: and commencing with 212% the 
volume of steam formed at the point of com- 
bination appeared exactly equal to that of 
the original gases. So that the first effect 
in experiments of this kind is an expansion, 
afterwards a contraction, and then the resto- 
ration of the primitive volume. 

If when this change is going on, the 
heat be quickly raised to redness, an explo- 
sion takes place ; but with small quantities 
of gas the change is completed in less than 
a minute. 

It is probable, that the slow combination 
without combustion, already long ago ob- 
served with respect to hydrogene and 
chlorine, oxygene and metals, will happen 
at certain temperatures with most substances 
that unite by heat. On trying charcoal, I 
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found that at a temperature which appeared 
to be a little above the boiling point of 
quicksilver, it converted oxygene pretty 
rapidly into carbonic acid, without any lu- 
minous appearance, and at a dull red heat, 
the elements of olefiant gas combined in a 
similar manner with oxygene, slowly and 
without explosion. 

The effect of the slow combination of 
oxygene and hydrogene is not connected 
with their rarefaction by heat, for I found 
that it took place when the gases were con- 
fined in a tube by fusible metal rendered 
solid at its upper surface ; and certainly as 
rapidly, and without any appearance of 
light. 

M. DE Grotthus has stated, that, if a 
glowing coal be brought into contact with a 
mixture of oxygene and hydrogene, it only 
rarefies them, but does not explode them : 
but this depends upon the degree of heat 
communicated by the coal : if it is red in 
day light and fi"ee from ashes, it uniformly 
explodes the mixture ; if its redness is barely 
visible in shade, it will not explode them, 
but cause their slow combination : and the 
general phenomenon is wholly unconnected 
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with rare&ction, as is shown by the follow- 
ing circumstance. When the heat is 
greatest, and before the invisible combina* 
tion is completed^ if an iron wire heated to 
to whiteness be {daced upon the coal within 
the vessel^ the mixture instantly explodes. 

Light carburetted hydrogene, or pure 
fire-damp, as has been shown, requires a 
very strong heat for its inflammation; it 
therefore offered a good substance for an 
experiment on the effect of high degrees of 
rarefaction by heat on combustion. I mix- 
ed together one part of this gas and eight 
parts of air, and introduced them into a 
bladder furnished with a capillary tube. I 
heated this tube till it began to melt, and 
then slowly passed the mixture through it 
into the flame of a spirit lamp, when it took 
fire and burned with its own peculiar ex- 
plosive light beyond the flame of the lamp, 
and when withdrawn, though the aperture 
was quite white hot, it continued to burn 
vividly. 

That the compression in one part of an 
explosive mixture produced . by the sudden 
^expansion of another part by heat, or the 
electric spark, is not the cause of combi- 
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nation^ as has been supposed by Dr. Hig- 
GiNS, M. Berthollet, and others, appears 
to be evident from what has been stated, 
and it is rendered still more so l)y the follow- 
ing facts. A mixture of hydro-phosphoric 
gas (bi-phosphuretted hydrogene gas) and 
oxygene, which explode at a heat a little 
above that of boiling water, was confined by 
mercury, and very gradually heated on a 
sand bath; when the temperature of the 
mercury was it42**, the mixture exploded. 
A similar mixture was placed in a ' re- 
ceiver communicating with an indenting 
syringe, and condensed over mercury till it 
occupied only one-fifth of its original 
volume. No explosion took place, and no 
chemical change had occurred, for when its 
yplutoe was restored, it was instantly ex- 
ploded by the spirit lamp. 

It would appear, then, that the heat given 
out by the compression of gases is the real 
cause of the combustion which it produces^ 

w 

and that at certain elevations of temperature, 
whether in rarefied or compressed atrnor 
spheres, explosion or combustion occurs, i. e. 
bodies combine with the production of heat 
and light. 
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8« On the effiscts of the mixture of different gases in eX' 

plosion and combustion. 

In my first Paper on the fire-damp of 
coal mines, I have mentioned that carbonic 
acid gas has a greater power of destroying 
the explosive power of mixtures of fire-damp 
and air than azote, and I have ventured to 
suppose the cause to be its greater density 
and capacity for heat, in consequence of 
which it might exert a greater cooling 
agency, and prevent the temperature of the 
mixture fi'om being raised to that degree 
necessary for combustion. I have lately 
made a series of experiments with the view 
of determining how far this idea is correct, 
and for the purpose of ascertaining the 
general phenomena of the effects of the 
mixture of gaseous substances upon explo- 
sion and combustion. 

I took given volumes of a mixture of 
two parts of hydrogene and one part of oxy- 
gene by measure, and diluting them with 
various quantities of different elastic fluids, 
I ascertained at what degree of dilution the 
power of inflammation by a strong spark 
from a Leyden phial was destroyed. I 
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found that for one of the mixture inflamma- 
tion was prevented by 

Of Hydrogene, about - - 8 
Oxygene - - - 9 

Nitrous oxide - - 11 

Carburetted hydrogene - I 
Sulphuretted Hydrogene - 2 
Olefiant gas - - - i 
Muriatic acid gas - - 2 
Silicated fluoric acid gas - ^ 
Inflammation took place when the mix- 
tures contained of 

Hydrogene - - - 6 
Oxygene - - - - 7 
Nitrous oxide - - - 10 
Carburetted hydrogene - j 

Olefiantgas - - - i 
Sulphuretted hydrogene - li 
Muriatic acid gas - - If 
Fluoric acid gas - - - I ' 
I hope to be able to repeat these ex- 
periments with more precision at no distant 
time ; the results are not sufficiently exact 
to lay the foundation for any calculations on 
the relative cooling powers of equal volumes 
of the gases, but they show sufficiently, if 
the conclusions of M. M. De la Roche 
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and Bi^RARD be correct, that other causes, 
besides density and capacity for heat, interfere 
with the phenomena. Thus nitrous oxide, 
which is nearly one-third denser than 
oxygene, and which, according to De la 
Roche and Berard, has a greater capacity 
for heat in the ratio of '1.3503 td .9765 in 
volume, has lower powers of preventing ex- 
plosion ; and hydrogene, whicih is 1^ times 
lighter than oxygene, and which in equal 
volumes has a smaller capacity of heat, 
certainly has a higher power of preventing 
explosion ; and defiant gas exceeds all other 
gaseous substances in a much higher ratio 
than could have been expected frOm its 
density and capacity. The defiant gas I 
used was recently made, and might have 
contained some vapour of ether, and the 
nitrous oxide was mixed with some azote, 
but these slight causes could not have inter- 
fered widi the results to any considerable 
extent. 

Mr. Leslie, in his elaborate and inge- 
nious researches on heat, has observed the 
high powers of hydrogene of abstracting 
heat from solid bodies, as compared with 
that of common air and oxygene. I inad^ 



79 

a few experiments on the comparison of thte 
powers of hydrogene, in this respect, with 
those of carburetted hydrogene, azote, oxy- 
gene, olefiant gas, nitrous oxide; chlorine, 
and carbonic acid gas. The same ther- 
mometer raised to ithe same temperature, 
160% was exposed to equal volumes (21 
cubic inchea) of .olefiant gas^ ooal gas, car>- 
bonic acid gas, chlorine, nilrous oxide gaSf 
hydrogene, oxygene, azote, and air, at equal 
temperatures. 52^, Fahrenheit, 

The times required for cooling to 106* 
were for 



Air - - . 


f 99 

2 


Hydrogene 


45 


Olefiant gas 


1.15 


Coal gas 


55 


Azote - . - 


1.30 


Oxygene 


1.47 


♦Nitrous oxide 


2.30 2.53 


♦Carbonic acid gas - 


2.45 


Chlorine 


3.6 



It appears fi*om these experiments, that 

* These two last results were observed by Mr. 
Fabaday of the Royal InstitutioD| when I was absent 
from the Laboratory. 
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the powers of elastic fluids to abstract or 
conduct away heat from solid surfaces* is in 
some inverse ratio to their density, and that 
there is something in the constitution of the 
light gases, which enables them to carry 
off heat from solid surfaces in a different 
manner from that in which they would 
abstract it in gaseous mixtures, depending 
probably upon the mobility of their parts.* 
The heating of gaseous media by the con- 
tact of fluid or solid bodies, as has been 
shown by Count Rumford, depends prin- 
cipally upon the change of place of their 
particles ; and it is evident from the results 
stated in the beginning of this section, that 
these particles have different powers of ab- 
stracting heat analogous to the different 
powers of solids and fluids. Where an 
elastic fluid exerts a cooling influence on a 
solid surface, the effect must depend prin- 
cipally upon the rapidity with which its 
particles change their places : but where the 

* Those particles nvhich are Ughtest must be con* 
ceived most capable of changing place, and would 
therefore cool solid surfaces most rapidly : in the cooling 
of gaseous mixtures, the mobility of the particles can be 
of little consequence. 
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cooling I particles are mixed throughout a 
luass with other gateous particles, their effect 
must principally depend upon the power 
they possess of rapidly abstracting beat from 
the contiguous particles ; and this will 
depend probably ^upon two causes, the 
simple abstracting power by which they 
become quickly heated, and their capacity 
for heat which is great in proportion as their 
temperatures are less raised by this abstract 
tion. 

Whatever be the cause of the- different 
cooling powers of the different elastic fluids 
in preventing inflacbnaatioHf very simple ex- 
periments show that they operate uniformly 
with respect to the different species of com- 
bustion, and that those explosive mixtures, 
or inflammable bodies, which require least 
heat for their combustion, require larger 
quantities of the different gases to prevent 
the effect, and vic^ versa; thus one of 
chlorine and one of hydrogene still inflame 
when mixed with eighteen times their bulk 
of oxygene, whereas a mixture of carbu- 
retted hydrogene and oxygene in the proper 
proportions for combinations, one and twO| 
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hate their iilflftiiiniBtion prevented by le6B 
tbaii three times their volume of oxy^ene. 

A wax tafi€V wq& iBOtaiitly extingukiied 
in air mixed with one*tenth of ^tlicated 
fluerie acid g«B^ and itl air mind Wi^ oiie* 
KKth of muriatic acid gas ; but the flame of 
hydlrogene burned readily in these mixtures, 
and in mixtnreB in whic^ the flame 6f hy* 
Mhrogene vfha exting^idb^d, the flaime of 
sutpbur burned. 

There is a very simple experiment which 
demonstrates in an elegant manner this ge-* 
neral ^ineipte. Into a long bottle With a nar- 
row neek introduce a Nghted tapePi dflid let it 
bum tii) it is extingmshed ; carefully stop the 
bottle^ and intrddfeice another lighted taper. 
It will be e&tingnifihed' befere it reaches the 
bottom of the neck : titett introduce a small 
tube containing zine and diluted snfpharie 
acid, and at ^ apertnre of which the hy-^ 
drogene is inflamed ; the hydrogene will be 
Ibund to bum in whatever part of the* bottle 
the tube is placed : after J^ hy^ogene is 
ejrtmguirfied, introduce lighted sulphur; 
this will biini fer some time, and after its 
extinction, phosphoms wiK be as huniiidus 
as in the air^ and^ if heated in the bottle, will 



pitjdo^ a pate y€ilt»Kr fliini^ tfctioA^etmb 

ffilcal uAiOfi is Veff small, 4^ in th^ iiistkhc^ 
of hydwjg^lt^ and cJitoriftfej si mixture t^hicft 
^V«t«(^ iflfiaftfma^toh Witi hot pfH^bnt 6oth^ 
Utmhbt ii e. the gtf^6^ ^ill ^oftibine MlHtoiti 
any flfiisfa. thid I tei(bea9^ id n^ii^ i#d 
t6litf6«6 «f 6art>iil^t€e<} hydrcfgene \^ith 6tift 
M tUt^itm atid hfiiio^n^ i tnundtit eitfi^ 
was fotlned th^Ofagliocft tite iiiixtur^, aM 
hettt t)r6c(uc6d> M lrfl» fevid^ht fit>m tb^ ^- 
^idi^fi when tha SpSufk ^ai^6d, ^(^ th<i 
^ttfAd obtfitfaciion Sft^^Mlrds, f>ttt fhy; fif^ 
i^te 9b quk^tjr celft<2ed dff hy th^' i^iKtofity of 
earbti^ti^ct hydro^tie that tid Bstik x^dk 

In fh^ c8i^ of t)hof9pi^tRf, which i^ (xtin- 
bOstibt«i 8tf tlve ibw^ Hfiii^mvtr^ df the at- 
mosphere, no known admixture of tfki^k 
fluid ]!>r6V^fttd tliie liMninott^ a^araAc^ ; but 
this i^fti^ t6 depend upoh tirti li^ b^i^r^ 
limited to the »bitid part i<:led of pho^ho^i6 
Aeid fi^mt^ ; ^h^reots to pi^uce ilante, a 
omaitk ihftsa of el^i^ flui^ iMlst be Hi- 
ininoM; a»^ th«i« id eV^r^ i<est^Dti to 
bc<Bev^, ffitt i^hen phNMphuri^tlEed> h^^t^^ti^ 

Q 2 
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explodes in very rare air, it is only the 
phosphorus which is consumed. Any other 
substance that produces solid matter in com- 
bustion would probably be luminous in air 
as rare, or in mixtures as diluted, as phos- 
phorus, provided the heat was elevated suf- 
ficiently for its combustion. I have found 
that this is actually the oase with respect to 
zinc. I threw some zinc filings into an 
ignited iron .crucible fixed on the stand of 
an air pump under a receiver, and ex- 
hausted until only one-sixtieth of the ori- 
ginal quantity of air remained. When I 
judged that the red hot crucible must be full 
of the vapour of zinc, I admitted about one- 
sixtieth more of air, when a bright flash of 
light took place in and above the crucible, 
similar to that which is produced by admit- 
ting air to the vapour of phosphorus in 
vacuo. 

The cooling power of mixtures of elastic 
fluids in preventing combustion must in- 
crease with their condensation, and diminish 
with their rareiaction; at the sanie time, 
the quantity of matter entering into com- 
bustion in given spaces, is relatively in-* 
creased and diminished. The experiments 
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on flame in rarefied atmospherical bit, shew 
that the quantity of heat produced in com- 
bustion is very slowly diminished by rare- 
faction, the diminution of the cooling power 
of the azote being apparently in a higher 
ratio than the diminution of the heating 
powers of the burning bodies. I endeavoured 
to ascertain what would be the effect of 
condensation on flame in atmospheric air, 
and whether the cooling power of the azote 
would increase in a lower ratio, as might be 
expected, than the heat produced by the 
increase of the quantity of matter entering 
into combustion, but I found considerable 
difficulties in making the experiments with 
precision. I ascertained, however, that 
both the light and heat of the flames of the 
taper, of sulphur and hydrogene, were in- 
creased by acting on them by air condensed 
four times ; but ' not more than they would 
have been by an addition of one-fiflh of 
oxygene. 

I condensed air nearly five times, and 
ignited iron wire to whiteness in it by the 
voltaic apparatus, but the combustion took 
place with very little more brightness than 
in the common atmosphere, and would not 
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Iwurp mucli wwp bngl><ily in thw oprnpreaswi 
m t^aa in common «ir. I intecwi to wt 
pe^t th^se e^qteonments, if possiltle, wi^b 
Vgfa«r <>oqflen9ipg powe?q ; they ^ow auf? 
£cieittly tk^t, (for oeitqin limits at least) w 
larftiactioQ does not diminish oonfiider^hly 
the heat of flame in atmospherif^ air* so 
neither does pcmdensation QOfisiderably iqi 
crei^ it; «^ ciircumstatice of giseat iwpor- 
ts^^ce in the constitution of pur ataiospheFe, 
vv^bich at a\l the heights or depths at which 
n^an paj;i e^ist, sitill pneserves the same re- 
l^ions to oomhustioiv 

It may he concluded from the geiieral 
]^w, thftt at high temperatures,' gases not 
conceraed in combuMion wiU have less 
powers of ^eventing that opeiit^^ ^ 
likewise, th%t steam and vapours, whioh 
require a wnaiderahJe heat for their forma- 
tion, will have less effect in preverMiing com- 
bustion, particularly of those bodies recjuir- 
ing lo^ tenJ-pesatwres, than gaaes ^t the 
commpix h?ali <^i the atmosphere. 

{ hf^ye mftite S!W»e experiments on the 
efifects of ste*tn, and their resnlte were w«- 
fqrmahle to these views. I louvd thftt a 
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very large quuitity of steam waa necessary 
to preYenyfc sulpbar fixxn burning. Oxygene 
and hydrogene exploded by the electric 
apark whea isixed with five times tl^ir yo- 
lume of steam; ai^ even a. mixture of air 
BXkd carburdtted hydrogene gas^ the least 
explosive of all mixtures, required a third 
of steam to {xcevent its expiosion^ vhi^eat 
one-fifili of azote produced due effect.-^ 
These tnals \rere made over mercury, heat 
was applied to water above the mercury, and 
37«^ for 100 parts was regarded as^the cor« 
Fcction for the expansiosi of the gases. 

It is probahLe Ijiat with certain heated 
mixtures of gases^ where the iu>n-support« 
ing or non-inflammable elastic fluids are in 
great quantities, combination with OKygene 
will take place, as m the ifiatancte men- 
tioned, page 85, of hydrogene and cblo« 
rine, without any light, for the tempera- 
tore produced will not be sufficient to ren* 
der dastic nuedia luminous ; and there are 
no combustions, except those of the com- 
pounds of phosphorus and the metals, in 
which solid matters are the result of combi* 
nations with oxygene. I have shewn, page 
53^ that the light of common flames depends 
almost entirely upon the deposition, ignition 
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and combustion of solid charcoal; but to 
produce this deposition from gaseous sub- 
stances demands a high temperature. Phos- 
phorus, which rises in vapour at common 
temperatures, and the vapour of which comr 
bines with oxygen at those temperatures, as 
I have mentioned before, is always luminous, 
for each particle of acid formed must, there 
is every reason to believe, be white hot; 
but so few of these particles exist in a given 
space that they scarcely raise the tempera- 
ture of a solid body exposed to them^ 
though, as in the rapid combustion of phos- 
phorus, where immense numbers are exist- 
ing in a small space, they produce a most 
intense heat. 

In all cases the quantity of heat com- 
municated by combustion, will be in pro- 
portion to the quantity of burning matter 
coming in contact with the body to be 
heated. Thus, the blow-pipe and currents 
of air operate. In the atmosphere, the ef- 
fect is impeded by the mixture of azote, 
though still it is very great : with pure oxy- 
gene compression produces an immense ef- 
fect, and with currents of oxygene and hy- 
drogene, there is every reason to believe, 
that solid matters are made to attain the 
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temperature of the flame. TTiis tempera- 
ture> however, evidently presents the limit 
to experiments of this kind, for bodies ex- 
posed to flame can never be hotter than 
flame itself; whereas in the voltaic appara- 
tus there - seems to be no limit to the heat, 
except I the volatilization of the conduc- 
tors. ^ 

The temperatures of flames are proba- 
bly very different. Where, in chemical 
changes, there is no change of volume, as 
in the; instance of the mutual action of 
chlorine and hydrogene, prussic gas (cya- 
nogen) and oxygene, approximations to 
their temperatures may be gained from the 
expansion in explosion. 

I have made some experiments of this 
kind by detonating the gases by the elec- 
trical spark in a curved tube containing 
mercury or water ; and I judged of the ex- 
pansion from the quantity of fluid thrown 
out of the tube : the resistance opposed by 
mercury, and its great cooling powers, ren- 
dered Ihe results very unsatisfactory in the 
cases in which it was used ; but with water, 
cyanogen and oxygene being employed, 
they were more conclusive. Cyanogen and 
oxygene, in the proportion of one to two. 
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detonated in a tube of about two^fiftlui of 
an inch in diameter, displaced sa quantity 
of water ivbich demonstrated an expansioa 
of fifteen tinn^s their original bulk. This 
would indicate a temperatwe of above SOOOf 
of Fahrenheit, and the real teniftcarature is 
probahly much higher; for heat must be 
lost by communication to the tube and the 
water. The heat of the givseous carbon in 
combustion in this gas, appears more in.- 
tense than that of hydrogcsie ; fox I foind that 
a filament of platinum was fused by a iame 
of cyanogen in the air which was not fiised 
by a similar flame o^ hydrogene. 



4. Some general observations, and pi^ctical infereiieei. 

t 

The knowledge of the cooling power of 
elastic media in preA^Ating the explofiioii of 
the fir^-danop, led me to th/ose pr^ctieal He- 
searches which terminated in the discovery 
of the wire-gaw2e safe-lamp ; and the ge- 
neral investigation of the relation and ex- 
tent of these powers, serves to elucidaite the 
operation of wijie-gauze and other tissues 
or systiems of apertures penaeable to light 
and air> in ioterqepting flame, and co^rnu 
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the views J origtnftlly g£^Ye pf tb^ ^mch 
menon. 

Flame ia gaseous matter heated 90 h^^y 
as to be Imninous, egad t^t to ft d»Sfm of 
^oapemture beyood the white h^t of i^U^ 
bodies* as is shewn by the ^ar^nn^^lm^* 
^uut air not Iuhueious viU commitnioate thi<$ 
degi<ee of he^t-* When m atteinpt i^ 
qfiade to pftss flapae tlffowgh a very fine 
m^h of wire-gaq^ at the eoinoaoin temper 
rature* the gaiize eools each portion of the 
elasitic matter that p^^ses. through it* so aa 
t^ veduce it? topip^aratwe belo^ that degree, 
at which it if imniqous, an4 the diminut^m 
of temperature n)i)# be proptortional to the 
smallness of the npiesh and the o^a^ of the 
metal. The power qf a metalUc or other 
tissue to prevent e:fi(plQsion* wiU depend upon 
the heat required to produce the pombustion 
as compared with that acquired by the tissue; 
and tlve flame of the most inflam^iablc; sjab- 

* This is proved by th6 simple experiment of holdiog 
a fine wire of platinura aboiU the oae-twentieth of an 
inch from the exterior of the middle of the flame of a 
spirit lamp, and concealing tlie flame by an opaque 
body, the wire will become white hot in a space where 
there b no visible Mgbt. 



stances, and of those that produce most beat 
in combustion, will pass through a metallic 
tissue that' will interrupt the flame of less 
inflammable substances, or those that produce 
little heat in combustion. Or the tissue being 
the same, and impermeable to all flames at 
common temperatures, the flames of the 
most combustible substances, and of those 
which produce most heat, will most readily 
pass through it when it is heated, and each 
will pass through it at a different degree of 
temperature. In short, all the circum- 
stances which apply to the effect of cooling 
mixtures upon flame, will apply to cooling 
perforated surfaces. Thus, the flame of 
phosphuretted hydrogene at common tem- 
peratures, will pass through a tissue suffi- 
ciently large not to be immediately choaked 
up by the phosphoric acid formed, and the 
phosphorus deposited.* A tissue of 100 
apertures to the square inch, made of wire 
of one-sixtieth, will at common temperatures 

* If a tissue containing^ above 700 apertures to the 
square inch be held over the flame of phosphorus or 
phosphuretted hydrogene, it does not transmit the flame 
till it is sufficiently healed to enable the phosphorus to 
pass through it in vapour. Phosphuretted hydrogene is 
decomposed in flame, and acts exactly like phosphorus. 
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intercept the flame of a spirit lamp, but not 
that of hydrogene; and when strongly 
heated, it will no longer arrest the flame of 
the spirit lamp. A tissue which will not 
interrupt the flame of hydrogene when red 
hot, will still intercept that of Olefiant gas, 
and a heated tissue which would com- 
municate explosion from a mixture of ole- 
fiant gas and air, will stop an explosion from 
a mixture of fire-damp, or carburetted hy- 
drogene. 

The ratio of the combustibility of the 
different gaseous matters are likewise to a 
certain extent as the masses of heated 
matter required to inflame them.^ Thus 
an iron wire of one-fortieth of an inch 
heated chferry red, will not inflame olefiant 
gas, but it will inflame hydrogene gas ; and 
a wire of one-eighth, heated to the same 
degree, will inflame olefiant gas; but a 
wire of one-five-huhdre4th must be heated 
to whiteness to inflame hydrogene, though 

^ It appeared to me in these experiments, that the 
worst conducting and beat radiating substances required 
t6 be heated higher for equal ma^es to produce the 
same effect upon the gases ; thus red hot .charcoal had 
•Tidently less power of inflnwnation than red hot iron. 
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at a Ia\^ i^ hesit it will UtAattte bi'>(>fa6!»- 
pbufetted hydfog^tie gasi i but urite 6f dlie^ 
iorti^th helit^ evett tb vfMtt&ss will Mt 
itiffato^ miltui^ of ftre-claii^p. 

These cifctimstad<;e!t Will ^plain, iifhy a 
ifietfb of Win! M ttfiKih finef isi te^uited td 
prertot tltti e^^pto^idn flvM kydf^eiie a<nf 
dX5rg«Ae fttnh (lassiiig, ahd wh^ So txyiii/6 tt 
teattui^ diid wilre i^ dUffi6ietkt to ptet«filt th^ 
explbsrbn of th6 fire^i6p> fortfiiMit^ly th<* 
least combustible of the known inflathboablci 

T*he geiietal doctiifie df the 6peil*ei6ft iif 
Wh'^! gau2« (fatitot b6 better elucidated tbeti 
'iti its eflfetits upofi the tiaihe of siilf^ai^. 
When Wiife gttn^e df ©GO «r 7W apeWuites 
to tlie sqo^e incih is h^ld ovei^ the fkdati 
futnes of (5of)deAsed iMl|Ai<i]' itbm^iat^ 
cotine thtotrgh it, and the flatMe is ilifei^' 
cepted; the tuttLtt tontintte fof sonrt ift* 
stantd, but as the heat inc^-eases tbfey di^^ 
tliinish, and at th« nMynoent they disappea^^ 
which is long before the gauze becomes red 
hot, tti^ daiiie passes; the tetttpei^aliuye at 
which sulphur bums being that at which it 
is g&seous. 

Another vei^ «i»ple iUuslKiticHl^ of tho 
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truth of this view is offered in the effect of 
the cooling agtncy of metallic surfaces upon 
very small flkmes. Let the smallest pos- 
sible flame be made by a single thread of 
cotton immersed in dU and burning ini^ 
mediately upon the sur&ce of the oil : k 
will be found to be about one-thirtieth of 
an inch in diameter. Let a fine fr^ wir<K 
of one*one-hundred-dnd-eighttetb be made 
kito a circle of one-'tenUi of an mdL in 
diameter and brought ov^ the flame. 
Though at such a distance, it will instantly 
extinguish the flame, if it be (U)ld : but if it 
be held above the flame, so as to be sightly 
heated, the flame may be passed through 
itw That the efkct <lepends entirely upon 
the power of the metal to dbstr act the 
heat of flame, is shown by bringing a glass 
capilkiry ring of the same diameter and si2^ 
over the flMae ; this* being a much worse 
conductor of heat, will not extinguish it even 
when coid. If its size, however, be made 
greater, and its circumference smaller, it 
will act like the metallic wire, and require 
to be heated to prevent it from extinguish- 
ing the flame. ^ 

* Let a small globe of metal of one-twentieth of an 
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Suppose a flame divided by the wc 
gauze into smaller flames, each flame must 
be extinguished in passing its aperture till 
that aperture has attained a temperature 
sufficient to produce the permanent com- 
bustion of the explosive mixture, 

A flame of sulphur may, be made much 
smaller than that of hydrogene, that of hy- 
drogene smaller than that of a wick fed 
with oil, and that of a wick fed with oil 
smaller than that of .ca;rburetted hydrogene ; 
and a ring of cool wire which instantly ex- 
tinguishes the flame of carburetted hydro- 
gene, only slightly diminishes the size of a 
flame of sulphur of the same dimensions. 

Where rapid currents of explosive mix- 
tures are made do act upon wire gauze, it 
is of course much more rapidly heated ; 
and therefore the same mesh which arrests 
the flames of explosive mixtures at rest, 

inch in diameter, made by fusing the end of a wire be 
brought near a flame of one«thirtieth in diameter, it wiU 
extinguish it when cold at the distance of its own di« 
ameter ; let it be heated, and the distance will diminish 
at which it produces the extinction ; and at a white heat 
it does not extinguish it by actual contact, though at 4 
dull red heat it immediately produces the effect* 
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will sufFer them to pass when in rapid mo^ 
tion ; but by increasing the cooling surface 
by diminishing the size, or increasing the 
depth of th6 aperture, all flames^ however 
rapid their motion, may be arrested. Pre- 
cisely the same law applies to explosions 
acting in close vessels : very minute aper- 
tures when they are. only few in number 
will permit explosions to pass, which are 
arrested by much larger apertures when 
they fill a whole surface. A small aperture 
was drilled at the bottom of a wire gauze 
lamp in the cylindrical ring which confines 
the wire gauze ; this, though less than one- 
eighteenth of an inch in diameter, passed 
the flame and fired the external atmosphere, 
in consequence of the whole force of the 
explosion of the thin stratum of the mix- 
ture included within the cylinder driving the 
flame through the aperture ; though, had 
the whole ring been composed of such aper- 
tures separated by wires, it would have been 
perfectly safe. 

Nothing can demonstrate more decidedly 
than these simple facts and observations, 
that the interruption of flame by solid tissues 
permeable to light and air, depends upon no 

H 
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recondite or mysterious cause, but to their 
cooling powere, simply considered as such. 

When a light included in a cage of wire 
gauze is introduced into an explosive at- 
mosphere of fire-damp at test, the maximum 
of heat is soon obtained^ the radiating power 
of the wire, and the cooling effect of the 
atmosphere, more efficient firom tlie mixture 
of inflammable air, prevents it from ever 
arriving at a temperature equal to that of 
dull redness. In rapid currents of explosive 
mixtures of fire-damp^ which heat common 
gauze to a higher temperature, twilled 
gauze, in which the radiating surface is con- 
siderably greater, and the circulation of 
air less, preserves an equal temperature. 
Indeed the heat communicated to the wire 
by combustion of the fire-damp in wire 
gauze lamps, is completely in the power 
of the manufacturer, for by diminishing the 
apertures and increasing the mass of metal, 
or the radiating surface, it may be di- 
minished to any extent. 

I have lately had lamps made of thick 
twilled gauze of wires of one-fortieth, sixteen 
to the warp, and thirty to the wefl, which 
being rivetted to the screw, cannot be dis- 
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placed ; from its flexibility it cannot be 
broken, and from its strength cannot be 
crushed, except by a very strong blow. 

Even in the common lamps the flexibility 
of the. material has been found of great im- 
portance, and I could quote one instance 
of a dreadful accident having been pre- 
vented^ which must have happened had. any 
other material than wire gauze been em- 
ployed in the construction of the lamp : 
and how little difficulty has occurred in 
tiie practical application df the invention, 
is shown by the circumstance, that it has 
heeot ndw for ten months in the hands of 
hundreds of common miners in the most 
chmgerous mines m Britain, during which 
tamt not a single accident had occurred 
where it has been employed^ whilst in othtt 
mines, muth less <^DgerouS| where it has 
not yet been adopted, some lives have been 
loat, and moiiy persons burned. 

The fiucts stated in pages 74 and 75 explain 
why so much more heat is obtained from 
fbei wlien it id burnt quickly; and they 
ifaow that in all cases tini temperature of tib^ 
acdbg bodies should be kept as hight as posh 
9kikii not a% because the genoralincreiiiftrt 

h2 
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of heat is greater, but likewise, because 
those combinations are prevented which at 
lower temperatures take place without any 
considerable production of heat : thus, in 
the Argand lamp, the Liverpool lamp, and 
in the best fire-places, the increase of effect 
does not depend merely upon the rapid 
current of air, but likewise upon the heat 
preserved by the arrangements of the nia- 
terials of the chimney, and communicated 
to the matters entering into inflammation. 

These facts likewise explain the methods 
by which temperature may be increased, 
and the limit to certain methods. Currents 
of flame, as it was stated in the last section, 
can never raise the heat of bodies exposed 
to them, higher than a certain degree, their 
own temperature ; but by compression, there 
can be no doubt, the heat of flames from 
pure supporters and combustible matter 
may be greatly increased, probably in the 
ratio of their compression. In the blow- 
pipe of oxygene and hydro^ne, the max- 
imum of temperature is close to the aper- 
ture from which the gases are disengaged, 
L e. where their density is greatest : Pro- 
bably a degree of temperature fer beyond 
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any that has been yet attained, may be 
produced by throwing the flame from com- 
pressed oxygene and hydrogene into the 
voltaic arc,^ and thus combining the two 
most powerful agents for increasing tem* 
perature. 

The circumstances above-mentioned com-^ 
bined with those noticed in page 51, ex- 
plain the nature of the light of flames and 
their form. When in flames pure gaseous 
matter is burnt, the light is extremely 
feeble : the density of a common flame 
is proportional to the quantity of solid 
charcoal first deposited and. afterwards 
burnt. The form of the flame is conical, 
because the greatest heat is in the centre of 
the explosive mixture. In looking sted- 
iastly at flame, the part where the com- 
bustible matter is volatilized is seen, and it 
appears dark, contrasted with the part in 
which it begins to burn, that is where it is 

* This experiment has been tried at my request, with 
the Great Voltaic Battery of the Royal Institution. The 
light of solid bodies ignited by the eflfect of the deotridty 
passing through the most intense flame known, had a 
brillianoy like that of the sun, and small masses of any 
kind of matter placed in it, (eyen magnesia) were in<- 
stantly fused. 
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80 misted With air as to become explosive. 
The heat diminishes towards the top of the 
flame, because in this part the quantity of 
oxygene is least. When the wick increases 
to a considerable size fiK>m coUecting char*- 
coal, it cools the flame by radiation, and 
prevents a proper quantity of air from 
mixing with its central part; in oonse'^ 
quence, the charcoal thrown off from the 
top of the flame is only red hot, and the 
greater part of it escapes unconsumed. 

The intensity of the light of flames in the 
attnosphere' is increased by condensation, 
and diminished by rarefaction, apparently 
in a higher ratio than their heat, more par* 
tides capable of emitting light exist in the 
denser atmospheres, and yet most of these 
particles in becoming capable of emitting 
light, absorb heat ; which could not be the 
case in the condensation of a pure sup* 
porting medium. 

The fects stated in Section I. of this ex- 
tract, show that the luminous appearances of 
iiAiooting stars and meteors cannot be owing 
to any inflammation of elastic fluids, but 
must depend upon the ignition of solid 
bodies/' 
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0. Some new Experiments and Observatione an the 
Co»Jm$tion of Oaseoue Mixturee^^ 8fc. 



" In the last paper, I have described the 
phenomena of the slow combustion of hydro- 
gene and olefiant gas without flame. In the 
same paper I have shown, that the tempera* 
ture of flame is infinitely higher than that 
necessary for the ignition of solid bodies. It 
appeared to me, therefore, probable, that in 
certain combinations of gaseous bodies, for 
instance, those above referred to, when the 
increase of temperature was not sufficient to 
render the gaseous matters themselves lumi- 
nous ; yet still it might be adequate to ignite 
solid matters exposed to them, , I had de- 
vised several experiments on this subject, 
I had intended to expose fine wires to oxy. 
gene and olefiant gas, and to oxygene and 
hydrogene during their slow combination 
under different circumstances, when I was 
accidentally led to the knowledge of the /acf, 
and, at the same time, to the discovery of a 
new and curious series of phenomena. 

I was making experiments on the increase 

• Pha. Trans. Jon. 181T. 
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of the limits of the combustibility of gaseous 
mixtures of coal gas and air by increase o^ 
temperature. For this purpose, I introduced 
a small wire-gauze safe-lamp with some fine 
wire of platinum fixed above the flame, into 
a combustible mixture containing the maxi- 
mum of coal gas, and when the inflammation 
had taken place in the wire-gauze cylinder, 
I threw in more coal gas, expecting that the 
heat acquired by the mixed gas in passing 
through the wire-gauze would prevent the 
excess from extinguishing the flame. The 
flame continued for two or three seconds 
after the coal gas was introduced; and when 
it was extinguished, that part of the wire of 
platinum which had been hottest remained 
ignited, and continued so for many minutes, 
and when it was removed into a dark room, 
it was evident that there was no flame in the 
cylinder. 

It was immediately obvious that this was 
the result which I had hoped to attain by 
other methods, and that the oxygene and 
coal gas in contact Avith the hot wire com- 
bined without flame, and yet produced heat 
enough to preserve the wire ignited, and to 
keep up their own combustion. I proved 
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the truth of this conclusion by making a 
similar mixture, heating a fine wire of pla- 
tinum and introducing it into the mixture. 
It immediately became ignited nearly to 
whiteness, as if it had been itself in actual 
combustion, and continued glowing for a 
long while ; and when it was extingoished^ 
the inflammability of the mixture was found 
entirely destroyed. 

A temperature much below ignition only 
was necessary for producing this . curious 
phenomenon, and the wire was repeatedly 
taken out and cooled in the atmosphere till 
it ceased to be visibly red ; and yet when 
admitted again, it instantly became red hot. 

The same phenomena were produced with 
mixtures of olefiant gas and air. Carbonic 
oxide, prussic gas and hydrogene, and in the 
last case with a rapid production of water ; 
and the degree of heat I found could be re- 
gulated by the thickness of the wire. The 
wire, when of the same thickness, became 
more ignited in hydrogene than in mixtures 
of olefiant gas, and more in mixtures of de- 
fiant gas than in those of gaseous oxide of 
carbon. ^ 
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Wh«i the vnm was very fine, aboiiit the 
on^^eigbljeth of an inch ia diaoQbeter, its heat 
inerea$ed in very Gombu«tibIe miKtures, so 
as to explode them. The ^aoe wire in less 
combustible mixlbune^ otnly icontiaued bright 
red, or diudl n$df »eeanijt»g to the oatun^ of 
the iQxxture. 

In mixtufe^ note^ome by Smike mithm 
certain limits, these curious phenomena took 
place wheitber the ajir or the inflaoixnable 
gas vTBs in exce^s^ 

inie aame ieineuaistence occurred with 
certain inflamtnable vapotii^. I have tried 
those of ether, alcohol, oil <^ turpentine, and 
niqpbtha. There oannot be a better mode 
of iUiistiMting the f^ct, than by an experi- 
ment ^n the vapour ot' ether or of alcohol, 
whidi any person i»ay juake in a minute. 
lutk a drop of ether be thrown into a cold 
glass, or a drop of doc^l into a warm one^ 
Let a few coik of wire of platinum of the 
one*sixtieth or ooe-seventleth of an inch be 
heated at a hot poker or a cai^dle, and let it 
be brought into the glas$ ; it will in some 
part of the gla^s beoome glowing, almost 
white hot, and will continue so as long as a 
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sufficient qumittty of vapour and of air re* 
QQ^n in the glass *« 

' When the experiment on the slow com* 
bunion of ether is made in the dark, a pale 
phosphoresceot light is perceived above the 
\idre, which of course is most distinct when 
the wire eea^s to be ignited. This appear*' 
woe is connected with the ibrnmtion of a 
peculiar acrid volatile substance possessed of 
acid properties. 

The chemical changes in general produced 
by slow combustion appear worthy of inves*- 
tigation. A wire of platinum introduced 
under the usual circumstances into a mix- 
ture of prussic gas, (cyanog^i) and oxygem 
in excess became ignited to whiteness, and 
the yellow vapours of nitrous acid were ob^ 
served in the mixture* And in a mixture of 

* The siune pbeoomenii are produced by jtbe T«poor ^. 
camphor. An ingenious form of this experimenjt has 
been lately sboifvn in a lamp ^hich has been called the 
laimp wUhoutfhmef and which is sold in ^e chemisis^ 
shops. A fine wire of platinosi cS the oM^faundredtfi of 
an ioph is placed in coiJs wm^ the wiek q| » Ivnp fed 
with spirits of wine, and a little aboYC it. When the 
flame of the lamp is blown out, the heat of the wire is 
sdBeicBt to keep up the dow combustion necessary for 
its continued ignition. 
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olefiant gas non-explosive from the excess 
of inflammable gas, much carbonic oxide 
was formed. 

I have tried to produce these phenomena 
with various metals ; but I have succeeded 
only with platinum and palladium ; with 
copper, silver, iron, gold, and zinc, the effect 
is not produced. Platinum and palladium 
have low conducting powers, and small capa- 
cities for heat compared with other metals, 
anjJ these seem to be the principal causes of 
their producing, continuing, and rendering 
sensible these slow combustions. 

I have tried some earthy substances which 
are bad conductors of heat ; but their capa- 
cities and power of radiating heat appear to 
interfere. A thin film of carbonaceous 
matter entirely destroys the igniting power 
of platinum, and a slight coating of sulphuret 
deprives palladium of this property, which 
must principally depend upon their increas- 
ing the power of the metals to radiate heat. 

Thin laminae of the metals, if their form 
admits of a free circulation of air, answer as 
well as fine wires ; and a large surface of 
platinum ipay be made red hot in the vapour 
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of ether, or in a combustible mixture of coal 
gas and air. 

I need not dwell upon the connection of 
these facts respecting slow combustion, with 
the other facts I have described in the history 
of flame. Many theoretical views will arise 
firom this connection, and hints for new re- 
searches, which I hope to be able to pursue. 
I shall now coticlude by a practicable appli- 
cation. By hanging some coils of fine wire 
of platinum, or a fine sheet of platinum or 
palladium above the wick of his lamp, in the 
wire gauze cylinder, the coal miner, there is 
every reason to believe, will be supplied with 
light in mixtures of fire-damp no longer ex- 
plosive ; and should his. flame be extin- 
guished by the quantity of fire-damp, the 
glow of the metal will continue to guide 
him, and by placing the lamp in different 
parts of the gallery, the relative brightness 
of the wire will show, the state of the atmos- 
phere in these parts. Nor can there be any 
danger with respect to respiration whenever 
the wire continues ignited, for even this phe- 
nomenon ceases when the foul air forms 
about two-fifths of the volume of the atmo- 
sphere. 
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1 introdtrced into a wire gauze safe-lamp 
a small cage made of fine wire of platinum 
of the one-seventieth of an inch in thick- 
ness, and fixed it by means of a thick wire 
of platinum about two inches above the wick 
which was lighted. I placed the whole ap- 
paratus in a large receiver, in which, by 
means of a gas holder, the air could be Con- 
taminated to any extent with coal gas. As 
soon as there was a slight admixture of coal 
gas, the platinum became ignited ; the igni- 
tion continued to increase till the flame of 
the wick was extinguished, and till the whole 
cylinder became filled with flame ; it then 
diminished. When the quantity of coal gas 
t^s increased iM> as to extinguish the flam* ; 
at the moment of the extinction the cage of 
platinum became white hot^ and presented 
a moist brilliant light. By increttiAg tfa« 
quantity of the coal gas still ferther, the ig* 
nitiott of the platinum became less vivid. 
When its light was barely sensible^ simall 
quantities of aif were admitted^ its hent 
speedily inere^ised; and by regulating tiM 
admission of coal gas and air it again beoanM! 
white hot, and iooti afler ligi^ted the flam« 
in the cylinder, which as usual, by th# tti^ 
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dition of more atmospherical air, re-kindled 
the flame of the wick. 

This experiment has been very often re- 
peated, and always with the same results* 
When the wire for the support of the cage' 
whether of platinum, silver, or copper, was 
very thick, it retained sufficient heat to 
enable the fine platinum wire to re-kindle in 
a proper mixture a half a minute after its 
light had been entirely destroyed by an at- 
mosphere of pure coal gas ; and by increas- 
ing its thickness the period might be made 
still longer. 

The phenomenon of the ignition of the 
platinum takes place feebly in a mixtuMK 
consisting of two of air and onis of coal gas^ 
and brilliantly in a mixture consisting of 
three of air and one of coal gas : the greater 
the quantity of heat produced the greater 
may be the quantity of the coal gas, so thttt 
a large tissue of wire will bam in a more in^^ 
flammable mixture than dingle filamefitji, 
and a wire made white hot will bum in A 
more inflammable mixture than one made 
red hot. If a mixture of three parts of air 
and one of fire-damp be introduced into a 
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bottle, anjd. inflamed at its point of contact 
with the atmosphere, it will not explode^ 
but will burn like a pure inflammable sub- 
stance. If a fine wire of platinum coiled at 
its end be slowly passed through the flame, 
it will continue ignited in the body of the 
mixture, and the same gaseous matter will 
be found to be inflammable and to support 
combustion. 

There is every reason to liope that the 
same phenomena will occur with the cage 
of platinum in the fire-damp, as those which 
have been described in its operation on mix- 
tures of coal gas» In trying experiments in 
fire-damp, the greatest care must be taken that 
no filament or wire of platinum protrudes on the 
exterior of the lamp^ for this would fire exter-: 
nally an explosive mixture. However . small 
the mass of platinum which kindles an ex- 
plosive mixture in the safe-lamp, the result 

« 

is the same as when large masses are used ; 
the force of the explosion is directed to, and 
the flame arrested by, the whole of the per- 
forated tissue. 

When a large cage of wire of platinum is 
introduced into a very small safe-lanip,.eyjeii 
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explosive mixtures of fire-damp are burnt 
without flame ; and by placing any cage of 
platinum in the bottom of the lamp round 
the wick, the wire is prevented from being 
fimoked,' 



»» 
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7. Explanatioii of the Plate repre$enting differe^H 
jForms of the Miners' Safety Lamp^ and of the Af^ 
paratusfor giving Light in explosive Mixtures. 

" a. Represents the single cylinder of wire 
gauze ; the foldings «. a. a. must be very 
well doubled and fastened by wire. If the 
cylinder be of twilled wire gauze, the wire 
should be at least of the thickness of one-for- 
tieth of an inch, and of iron or copper, and 
30 in the warp and 16 or 1 8 in the weft. If 
of plain wire gauze, the wire should not be 
less than one-sixtieth of an inch in thickness, 
and from 28 to 30 both warp and woof. 

b. represents the second top which fits 

upon a. 

c. represents a cylinder of brass, in which 
the wire gauze is fastened by a screw to pre- 
vent it from being separated from the lamp 
by any blow. c. is fitted into a female 
screw, which receives the male screw ^, of 
the lamp/. /. is the lamp furnished with it* 
safe trimmer and safe feeder for oil. 

A. is the wire gauze lamp put together 
with its strong wire supports, which may be 
three or four receiving the handle. 
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J. is a small cage made of wire of plati- 
num, of one-seventieth or one-eightieth of 
an inch in thickness, festened to a wire for 
raising it above the wick, for giving light in 
Itiflatnmahle mediia, containing too little air 
to be explosive. 

h. is a similar cage for placing in the bot- 
tom of the lamp, to prevent it from being 
8niioked by the wick. 

C. is a lamp of which the cylinder is cop^ 
J)er of one-fbrtieth of an inch in thickness, 
perforated with longitudinal apertures of not 
ttiore than the one-sixteenth of an inch in 
length> and the one-thirtieth in breadth. In 
proportion as the copper is thicker, the aper- 
tures may be increased in size. This form 
of a lamp may be proper where such an in- 
strument is only to be occasionally used, but 
for the general purposes of the collier, wire 
gauze, from its flexibility, and the ease with 
which new cylinders are introduced, is much 
superior *. 

D. is a lamp fitted with a tin-plate mirror 

'^ In the first lamps which I made on this plan, the 
apertures were circular ; but in this case their diameters 
were required to be very small, as the circular apertur* 
is the most finyourable to the transmlsri^P of flame. 

I3 
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of half the circumference of the cylinder, and 
reaching as high as the single top, which 
may be used in strong currents of fire-damp 
to prevent the heat from rising too high. 

All these forms of the wire gauze lamp are 
equally safe. In the twilled gauze lamp less 
fire-damp is burnt, and the radiating and 
cooling surface is greater, and it is therefore 
fitted for very explosive mixtures, or for ex- 
plosive currents. The wire gauze lamp with 
a double cylinder, or with a reflector, answers 
the same purpose. 

The general principle is, that the cylinder 
should in no case be suffered to be heated 
above dull redness; and this is always ef- 
fected by increasing the cooling suri^ces, or 
by diminishing the circulation of the air.'* 

Mr. Newman has applied a lens to the ex- 
terior of some of the lamps ; which when a 
strong light is required to be thrown upon 
particular objects, or parts of the mine, ha^ 
been found useful. 



/ 
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III. Some extracts from communications 
on the application of the Safety Lamp. 



\t 



The evidence of the use of a practical 
discovery is of most value when furnished 
by practical men, I shall therefore annex 
extracts from some communications on the 
application of the Safety Lamp. Those 
from** Newcastle and Whitehaven, will, I 
am sure, derive importance from the names 
attached to them. That from Wales us 
given as. affording an instance in which the 
combustion of the fire-damp within the 
lamp was sufficient to destroy it for a con- 
siderable time in the workings of a colliery, 
and it is amusing from the simplicity of the 
detail. 
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I. Extract from a Letter on the practical appli-* 
cation of the Wire^gauze Safe-lampj from Johk 
BuDDLE, Esq. to Sir H. Davy. 

WalPs^end CoHUery^ Nevocastkf 
1st June^ 1816. 

*' After having introduced your safety- 
lamp into general use in all the collieries 
under my direction, where inflammable air 
prevails ; and after using them daily in 
every variety of explosive mixture for up- 
wards of three months, I feel the highest 
possible gratification in stating to you, that 
they have answered to my entire satisfec- 
tion. 

The safety of the lamps is so easily 
proved, by taking them into any part of a 
mine, charged with fire-damp, and all the 
explosive gradations of that dangerous ele- 
ment, are so easily and satisfactorily ascer- 
tained by their application, as to strike the 
minds of the most prejudiced with the 
strongest conviction of their high utility ; 
and our colliers have adopted them with 
the greatest eagerness. 

In the practical application of the lamps, 
scarcely any difficulty has occurred. Those 
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of the ordinary working size» when prepared 
with common cotton wick and the Green- 
land whale oil, burn during the collier's 
shifu or day's work of six hours, without 
requiring to be replenished ; and the safety 
trimmer answers the purpose of cleaning, 
raising, and lowering the wick completely/* 

" The only inconvenience experienced 
arises from the great quantity of dust, pro- 
duced in some situations by working the 
coal, closing up the meshes of the wire- 
gauze, and obscuring the light; but the 
workmen very soon removed this inconve- 
nience by the application of a small brush. 

Our colliers have found it most conve- 
nient to hang the stationary lamps from 
small wooden pedestals ; but on observing, 
that where the side of the lamps have been 
suffered to come in contact with the pedes- 
tals, the wood is charred to a considerable 
depth by the heat of the lamps ; I have 
thought it right to use small iron pedestals 
instead of the wooden ones. 

Beside the fecilities afforded by this 
invention to the working of coal mines, 
abounding in fire-damp, it has enabled 
the directors and superintendants to as- 
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certain with the utmost precision and ex* 
pedition, both the presence, the quan- 
tity, and the correct situation of the gas. 
Instead of crefeping inch by inch with 
a candle, as is usual, along the galleries of a 
mine suspected to contain fire-damp, in 
order to ascertain its presence, we walk 
firmly on with the safe lamps, and with the 
utmost confidence prove the actual state of 
the mine. By observing attentively the 
several appear^tices upon the flame of the 
lamp, in an examination of this kind, the 
cause of accidents which have happened to 
the most experienced and cautious miners is 
completely developed ; and this has hitherto 
been, in a great measure, matter of mere 
conjecture. 

When the discharge of inflammable air is 
regular, and the density of the atmosphere 
continues uniform, the firing point may be 
judged of, and approached with safety by a 
common candle. But when the discharge 
of inflammable air is irregular, or the at- 
mosphere is in an unsettled state, a degree 
of uncertainty and danger attends the ex- 
periment of ascertaining the state of a mine. 
With the safe-lamp, however, it is reduced 
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to the utmost certainty, the actual presence 
and position of the gas is not only ascer- 
tained with the greatest precision, but also 
every alteration of circumstance or position 
is distinctly perceived. 
- By placing a lamp near the spot where a 
quantity of inflammable air is issuing, and 
mixing with the circulating current of at- 
mospherical air to the firing point, it will be 
seen that very remote causes frequently 
produce pulsations in the atmosphere of the 
mine, which occasion the gas to fire at 
naked lights ; thus showing clearly the in- 
stability of the element with which we have 
to deal, and the reason why so many explo- 
sions have occurred where lights have not 
approached the place where the gas was . 
lodged within a considerable distance. 

Objections have been made by some who 
have not had experience of the lamps, to 
the delicacy of the wire-gauze, under the 
appreherision that it may be very soon im- 
paired by the flame within the cylinder. 
Of this, however, I have no reason to com- 
plain, a^, after three months constant use, 
the gauze has not, in the hands of careful 
workmen, been perceptibly injured by the 
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action of the flame ; but the outer to(> 
gauze of one or two of Newman's making 
has been worn through by the friction of 
the rivet* on the bottom of the swivel, to 
which the finger ring is fastened ; but this 
only happened to the lamps used by the 
wastemen, whose business it is to travel daily 
in the various avenues of the mines, for the 
purpose of keeping the passage for the cur- 
rent of air free from obstructions : nothing 
of the kind has happened to the stationary 
lamps used by the colliers. In short, I do 
not apprehend that the gauze can be injured 
hy any ordinary cause without being ob- 
served in time sufficient to prevent acci- 
dents ; and that we have no danger to ap- 
• prehend, except from the gross negligence 
of some heedless individual, or an accident 
of a very unusual description, occurring to 
injure the gauze. 

I find that I have extended my letter to 
a greater length than I intended; but I 
trust. Sir, that you will excuse me for hav- 
ing gone so much into detail, as I feel pe- 
culiar satisfaction in dwelling upon a sub- 

^ This riyet is now fixed. H. D. 
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ject which is of the utmost importance, not 
only to the great cause of humanity, and to 
the mining interest of this country, but also 
to the commercial and manu&cturing inte-- 
rests of the United Kingdom : for I am con- 
vinced that by the happy invention of the 
safe4amp, large proportions of the coal 
mines of the empire will be rendered avail- 
able, which otherwise might have remained 
inaccessible — at least without an invention 
of similar utility, it could not have been 
wrought without much loss of the mineral, 
and risk of life and capital. 

It is not necessary that I should enlarge 
upon the national advantages which must 
necessarily result fi*om an invention calcu- 
lated to prolong our supply of mineral coal, 
because I think them obvious to every re- 
flecting mind ; but I cannot conclude with- 
out expressing my highest sentiments of ad- 
miration for those talents which have deve- 
loped the properties and controlled the 
power of one of the most dangerous ele- 
ments which human enterprize has hitherto 
had to encounter/' 
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9. Extradn from papers written by Jobv Buddle^ 
JEsq* on the Use of the Wire Gauze Safety Lamp. 

" Having observed in some of the pe- 
riodical publications, certain remarks on Sir 
H. Davy's lamp, which in my mind appear 
to have originated in motives unconnected 
with truth and the improvement of science,. 
I feel myself called upon to do an act of 
justice to the merit of the invention, in a 
public statement of its great utility and ex- 
tensive use in the coal mines of this country.: 

During the last ten months it has been 
extensively employed in all the coUieriea 
under my inspection ; and it gives me the 
highest pleasure to be able to state, that 
during that time not the slightest accident 
by fire has occurred from its use, though 
several hundreds of lamps are daily em- 
ployed. 

In the parts of mines where fire-damp 
prevails, the surveys and inspections are 
now .carried on by the light of the lamp 
without apprehension of danger fi'om explo-* 
sion ; for experience has shewn us, that, 
with the caution of keeping it in proper re- 
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pair, it is absolutely safe ; and for the truth 
of this, I appeal to all my professional 
brethren who have had occasion to use it^ 
without fear of contradiction. 

The colliers never hesitate a moment to 
take it into any respirable part of a mine, 
however much it may be charged with fire- 
damp ; for, whenever it appears that the 
air, either fix>m discharges of gas, or from 
casual interruptions of the circulating cur- 
rent, becomes explosive, only give the col- 
lier his Davy, (the name applied in our mines 
to the safe lamp,) and he goes to his occu- 
pation with the same confidence in this im- 
pure atmosphere, that . he would do in any 
other situation, with a candle. 

There has been much quibbling about 
the perfect safety of the wire gauze lamp. I 
scarcely know how the words perfect safety 
can apply to any invention for the preserva- 
tion of human life ; but when we have seen 
some hundreds of the wire gauze lamps in 
daily use for several months past, in all va- 
rieties of explosive mixture, in the most dan- 
gerous mines of this country, without the 
slightest accident occurring, it seems only 
reasonable to infer, that they approximate 
as nearly to perfect safety as any thing of 
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human contrivance > or manu&cture can be 
expected to do. 

It would, however, be quite unreason£ible 
to expect that accidents are never to hap- 
pen, where the wire gauze Ismsps are used ; 
iox it must always be remembered, that itet* 
ting aside the chance of their being da- 
maged by some of the oasuklties incidental 
to coal mining, they are to be entrusted to 
the management of a body of men amongist 
whom negligent individuals will be founds 
who may use damaged lamps, or expose the 
naked flame to the fire damp, in spite of the 
utmost vigilance of the oventien and in- 
spectors of the mines. Instances of great 
negligence have occurred, fortunately with- 
out any ill consequences — always with the 
dismissal of the offender from his employ- 
ment ; but it would be absurd to condemn 
the lamp, or even to quibble upon its want 
of safety, on this account/* 

*' In the most extensive coal mines* in the 
north of England where the fire-damp pre- 
vails to such an extent, as to require the 
general use of the safety lamp, it has been 

* 2d Extract, dated May, 1818. 
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found most advantageous^ to employ a 
steady person to take charge of the lamps, 
and Who is made responsible for keeping 
them in good order. A chamber is allotted 
to him, in \f hich he keeps a number of spare 
lamps, together with oil and cotton for re- 
jpl^shingthe lainpis which are in use. 

The brass collar of the wire gauze cy-^ 
libders are secured to the bottoms of the 
lamps by locks, which can only be opendd 
by the lamp keeper, so that the workmen 
cannot either by accident or carelesiaiess 
expose themselves to danger by separating 
the wire gauze cylinders from the bottoms 
of the lamps. 

After finishing their day's work, the col- 
liers bring their Davys to the lamp-keeper's 
C4ibini who unlocking them, takes the bot- 
toms into his own possession and allows the 
colliers to take the wire gauze cylinders 
home for the purpose of cleaning them tho- 
roughly. 

When the colliers return to their work 
the following morning, the lamp keeper 
having replenished the lamps with oil and 
cotton, lights them and screws on their tops, 
ftnd then examines them with the utmost 
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care, before he delivers them for use ; but if 
the least injury or defect appears in the 
gauze, or any other part of a lamp, it is im- 
mediately set aside to be repaired, and the 
person to whom it belongs is supplied with 
a perfect one. 

After having dispatched the business of 
the morning, the lamp keeper occupies him- 
self during the day in walking leisurely 
through amongst the workmen, carrying 
some spare lamps with him, to replace such 
as may happen to be extinguished, &c. 

After a little practice, the lamp keepers 
acquire great dexterity in the trimming, &c* 
of the lamps, and quickly discover the 
slightest defect or injury in the wire gauze. 

.It is scarcely necessary to observe, that 
the .lamp keeper's cabin is always placed in 
a secure part of the mine, as near the work- 
ings as circumstances will permit/' J. B* 



Extract of a Letter from Mr. Peilb to Sir H. Davt. 

CcIUery Office^ Whitehaven^ 
6 th Julyl 816. 

^^ I take the liberty of adding a further 
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Watement on your invaluable safe lamips, in 
the Whitehaven collieries belonging to the 
Earl of Lonsdale, since the first application 
of them in February last. 

With us, the general use of the lamps in 
consequence of the good state of our venti- 
lation is confined to leading workings, or 
trial drifts ; and in two of these, lately going 
on in one of the pits unusually infected with 
lire-damp, and which previously were lighted 
by means of steel mills, we applied the 
lamps with great <ionfidence and security. 

In May last in these drifts an extraordi- 
nary discharge of fire-damp burst from the 
pavement of the mine, and the ventilation 
being at that time unavoidably obstructed, 
the atmosphere becalme so charged with 
fire-damp as to be nearly throughotit an ex- 
plosive mixture. In this situation we de- 
rived the unspeakable benefit of light from 
the lamps, and, notwithstanding the explo- 
sive state of the mixture, with the most per- 
fect safety. 

In several other places in the collieries 
the lamps kre used with the same confi- 
dence : yet the discharge of fire-damp being 

K 
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moderate, they are not much exposed to ex- 
plosive mixtures. 

In all the workings shewing the least ap- 
pearance of fire-damp, the miners are sup- 
plied with lamps, and are particularly cau- 
tioned to use them on first entering when 
beginning to work, where, being satisfied of 
security^ they occasionally resort to candles 
aiierwards. This application of the lamp 
alone, is of the greatest utility, and prevents 
piany slight exploaons, and the miners from 
being burned ; besides SHperseding the ne- 
cessity of depending on the judgment or dis- 
crimination of any individual to prove the 
existence of the fire-damp, as in the old 
method, by the candle flame. 

From the repeated proofev made with the 
lamps, we cannot too strongly express our 
confidence in their security. 

By experiment, a pint of oil, value six- 
pence, will about supply a lamp for six 
days, the ordinary time of a man's working, 
so that they are cheaper than candles. 

If my humble testimony can in any de- 
^e promote the speedy use of the lamp in 
other places, it will give me great pleasure." 

J. Peile. 
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Extract of a Letter from Mr. John Morris, Plai 
Issa, 21th Jan. 1817. To John Simmons, Enq. 
Paddrngton-hottse. 

" Sir ; — ^You will be pleased to recollect 
that some time in the month of June last, I 
applied to you with a request you would 
send me immediately some of Sir Humphry 
Davy's safety lamps, in consequence of an 
explosion of the fire-damp taking place in 
one of your coal mines, by which several of 
the men were dreadfully burnt and )3ruised. 
On the arrival of the safety lamps no accu- 
rate account of their use accompanied them. 
But I at length obtained (I think) the Edin- 
burgh Review, in which was a detail of sdme 
experiments. This I read to the colliers, 
which gave them some confidence in the 
lamps, prior to which they secretly treated 
them with silent contempt ; and I found, 
notwithstanding these interesting details, 
that a great doubt existed in their minds. I 
therefore was obliged to give the most pe- 
remptory orders to prepare to descend, and 
assisting in every preparation and execution 
myself. But the men's wives, &c. had col- 
lected, and made so much noise and lamen- 

k2 
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tations, that it was with some difficulty I 
could keep them off: having got over this 
obstacle, and the men down in the pit, in- 
stantaneous destruction was momentarily an- 
ticipated when the least noise was heard. 
I, however, had not the least alarm or the 
smallest doubt of success, and consequently 
did all I could to remove their dreadful 
anxiety. The men had no sooner descended 
than the enemy was discovered, which they 
say very much alarmed them, and they 
would have retreated if they could, but 
finding that impossible, took courage, and 
soon found they had destroyed the enemy 
sefar; advancing a little farther, they found 
htm agaid, and again destroyed him, and so 
cHitlilrough the whole work. Thus the first 
alarm was got over, when all the knowing 
niMEi in the neighbourhood were got collected 
tog^jier to hear the result, all of which were 
astonished and amazed, that so simple look- 
iikg an instrument should destroy and defy 
aa^neniy, heretofore unconquerable. The 
sdme precaution and use of the lamp, was 
goiie through the second day, and when the 
damp was destroyed, we began working and 
conitinued to work in this way for some 
weeks.'' : Geo. Morris. 
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I am possessed of a great number of 
similar documents respecting the use and 
application of the lamp ; but they are in 
general so flattering that I might well be 
suspected of vanity, if they were to be laid 
before the public. It has been said that 
the coal miners have been in many in- 
stances disinclined to adopt the safety lamp^ 
and that the proprietors of coal mi nes have 
not been always disposed to urge its ap- 
plication. 1 am anxious that this should be 
contradicted, for I believe there are no dan- 
gerous mines in Great Britain where the 
safety lamp is not well known, and its 
efficacy properly estimated, and it is like- 
wise getting into general use on the CJoik- 
tinent. 

It would be expecting too much from 
human nature to suppose that there should 
be no instances of obstinacy in workmen, 
and of prejudice or indifference iti coal 
owners ; but these instances have been so^ 
litary ones; and if delicacy did not forbid 
me, I might bring forward numerous prooii 
of the gratitude and warm feelings with 
which this invention has been received by 
the individuals who have benefited by it., I 
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might appeal to the letters of thanks of 
various individuals, and of the united col- 
liers of Whitehaven, to the vote of thanks 
of the coal trade of the north of England, 
of the grand Jury of Durham, of the Cham- 
ber of Commerce of Mons, and above all, to 
the present made to me at Newcastle in so 
flattering a manner, October 11, 1817. 



IV, Conclusion. — Some Practical Obser- 
vations. 



Time of course has increased the con- 
fidence of the workmen in the safety lamp ; 
and in a period of nearly two years and a 
half in the most dangerous mines in Britain, 
it must have been exposed to all circum- 
stances which the variety of explosive mix- 
ture§ can occasion. In my first trials with 
the safety lamp when I found the wire 
become red hot, I thought it might be 
proper to cool it occasionally by water,, or 
moistened cloth ; but this was found un- 
necessary in the common practice of the 
miners. Whenever a single wire gauze 
lamp is made to burn in a very explosive 
atmosphere at rest, the heat soon arrives 
at its maximum, and then diminishes ; and 
the idea of the wires burning out, is shewn 
to be unfounded ; the carbonaceous matter 
produced from the decomposition of the oil, 
tends not only to prevent the oxidation of 
the metal, but likewise revives any oxide 
already formed; and this coaly matter. 
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when the fire-damp is burning in the lamp^ 
choaks the upper apertures of the cyhnder^ 
and gradually diminishes the heat, by di^ 
minishing the quantity of gas consumed. 

I have seen wire gauze lamps in the 
hands of workmen, which they had used 
for several months, and which had beent 
often red hot in explosive atmospheres, and 
which were still perfect. 

Where an explosive mixture is in rapid 
motion, it produces, as has been stated 
page 97, much more heat: and in this, 
case the radiating or cooling surfaces of the 
lamp must be increased, or the circulation: 
of air diminished,. Twilled gauze, or a 
double or triple-fold of wire gauze on one 
side of the lamp, or a screen of metal op- 
posite to the direction of the current, or a 
semi-cylinder of glass or of mica within, 
answers perfectly the object of preventing 
the heat from rising to redness. 

Single iron wire gauze of the kind used in 
the common miner's lamp, is impermeable to 
the flame of all currents of fire-damp, as 
long as it is not heated above redness ; but 
if the iron wire be made to burn, as at a 
gtrong welding heat, of course it can be no 
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longer safe ; and though such a circum- 
stance can perhaps never happen in a col- 
liery, yet it ought to be known and guarded 
against. 

I had an excellent opportunity, Septem- 
ber, 1816, of making experiments on a most 
violent blower, at a mine belonging to J. G. 
Lambton, Esq. This blower is walled off 
from the mine and carried to the surface, 
where it is discharged with great force. It 
is made to pass through a leathern pipe, so 
as to give a stream, of which the force was 
felt at about two feet from the aperture in a 
strong current of air. The common single 
working lamps and double gauze lamps* 
were brought upon this current, both in the 
free atmosphere and in a confined air. The 
gas fired in the lamps in various trials, but 
did not heat them above dull redness, and 
when they were brought far into the stream 
they were finally extinguished. 

A brass pipe was now fixed upon the 
blower tube, so as to make the whole stream 
pass through an aperture of less than half 
an inch in diameter, which of course formed 
a most powerful blow-pipe, from which the 
fire-damp, when inflamed, issued with great 
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violence and a roaring noise, making an in- 
tense flame of the length of five feet. The 
blow-pipe was exposed at right angles to a 
strong wind, and double gauze lamps and 
single lamps Successively placed in it. The 
double gauze lamps soon became red hot at 
the point of action of the two currents ; but 
the wire did not burn, nor did it communi- 
cate explosion. The single gauze lamp did 
not communicate explosion, as long as it was 
red hot and slowly moved through the cur- 
rents ; but when it was fixed at the point of 
most intense combustion, it reached a welding 
heat, the iron wire began to bum with 
sparks, and the explosion then passed. 

In a second and third set of experiments 
on this violent blow-pipe of fire-damp, single 
lamps, with slips of tin-plate on the outside 
or in the .inside, to prevent the free passage 
of the current, and double lamps, were ex- 
posed to all the circumstances of the blast, 
both in the open air and in an engine-house 
where the atmosphere was explosive to a 
great extent round the pipe, and through 
which there was a strong current of atmo- 
spheric air ; but the heat of the wire never 
approached near the point at which iron 
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wire burns, and the explosion could never 
be communicated. The flame of the fire- 
damp flickered and roared in the lamps, but 
did not escape from its prison. 

There is no reason ever to expect a stream 
of gas of this kind in a mine ; but, if it should 
occur, the mode of reaching and examining 
it, with most perfect security, is shown ; 
and the lamp offers a resource, which can 
never exist in a steel-mill, the sparks of 
which would undoubtedly inflame a current 
of this kind. 

If a workman having only a common 
single lamp, finds the temperature of the 

« 

wire increasing rapidly in an explosive mix- 
ture near a blower, he can easily diminish 
the heat by turning his back upon the 
current, and keeping it from playing upon 
the lamp, by means of his clothea or his 
body ; or by bringing the lamp nearer the 
orifice, fi"om which the fire-damp issues, he 
may extinguish it ; and there never can be 
any occasion for him to place his lamp in 
the exact point where two currents one of 
fresh air and one of fire-damp meet each 
other. 

When the fire-damp is inflamed in the 
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wire gauze cylinders, coal dust thrown inta 
the lamp bums with strong flashes and 
scintillations; the miners were at first 
alarmed by an effect of this kind produced 
by the dust naturally raised during the 
working of the coals. I have made a 
number of experiments on this subject; but 
though I have repeatedly thrown coal dust, 
powdered rosin, and witch meal, through 
lamps burning in more explosive mixtures 
than ever occur in coal mines, and though 
I have kept these substances floating in the 
explosive atmospheres, and heaped them 
upon the top of the lamp when it was red 
hot, vet I never could communicate ex- 
plosion by means of them. Phosphorus 
or sulphur are the only substances which 
can produce explosion by being applied to 
the outside of the lamp; and sulphur, to 
produce the effect, must be applied in large 
quantities, and blown upon by a current 
of fresh air. 

It will be unnecessary to caution the 
workmen against heaping sulphur, or gun- 
powder, or pyrites, which afford sulphur by 
distillation, upon their lamps ; and such 
dusl from these substances as can float in 
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the atmosphere cannot produce inflam- 
mation ; for minute particles of igtiited solid 
matter have no power of inflaming the 
fire-damp; and I have repeatedly blown 
fine coal dui^ mixed with minute quantities 
of the finest dust of gunpowder through the 
lamp burning in explosive mixtures with- 
out any communication of explosion, 

A few complaints have been made of the 
feebleness of the light of lamps after they 
have been some time used, in consequence 
of the tissue being choaked up by coal 
dust. But by means of a brush th^ evil 
may be removed. And in some experi- 
mentsy that I made with Mr. Buddie, in 
the WalFs-end Colliery, the light of a single 
gauze lamp furnished with a tin-plate re- 
flector, was found to be superior to that 
of a common miner's candle, and the light 
of a lamp without the reflector, nearly equal 
to it ; and almost double to that of the steel- 
mill at its greatest intensity of light. The 
trials were conducted by determining the 
distance at whiiih an object was visible 
with the different species of light, and con- 
sidering the inten^ty of the light directly 
as the square of the distance. 
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I have often made lamps in which suf- 
fices of glass were used for transmitting 
light without a ^guard of wire-gauze, they 
give more light, but they ^re highly dan- 
gerous, ^d ought never to be used. Thick 
plates of mica,* (Muscovy glass,) may, how- 
ever, be safely employejd, though great 
care must be taken in this case that the 
radiating and cooling surfaces, where the 
fire-dai»p bums, are extensive, and all the 
precautions mentioned, page 19, must be 
adopted. 

Wheife a lamp is pernaanently to be fixed 
in a part of a mine ; it will afford a better 
light if some of the surfaces are of mica ; 
but for lamps which are constantly to be 

* From a Tery able report on the safety-lamp, drawn 
up by order of the Chamber of Commerce of Mons, 
and furnished with some very intelligent and scientific 
notes by M. Gossart, President of the Chamber, it 
appears that lamps with plates of mica have been used 
in Flanders. M. Gossart quotes an instance which 
proves the danger of glass, '^ A director of the works 
having descended in the colliery of Tapatouts, with a 
lamp of which the base ,of the cylinder was of glass, a 
drop of water fell upon and broke the glass, and de- 
tached a piece which wpuld have opened a communi- 
cation for explosion ; but the air fortunately at the mo- 
ment was not adulterated with fire-damp." 
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carried about by the miners, iron wire-gauze 
I have no doubt, will be the material al- 
ways employed. — I have tried a lamp on 
the plan of Argand's, in which wire-gauze 
feeders were below, and in which a current 
of air was determined by wire-gauze cylin- 
ders above; it gave a brilliant light, but 
produced so much heat as to boil the oil in 
the reservoir, and it required a complicated 
^contrivance for trimming it. 

When a cage of wire of platinum is 
used within a lamp, even where the ex- 
plosive mixture bums with flame, it 
diminjilll the heat by its radiation, and 
it increases the light, so that it will always 
be useful in lamps ; and as it is an impe- 
rishable metal, it is only the original ex- 
pence, which is very small, that is to be at- 
tended to. It is proper to urge again what 
has been mentioned, page 112, Ithattio wire 
or filament of platinum must be suffered to 
project beyond the wire-gaiaze, so as to be 
in the external atmosphere. 

The forms of lamps may be infinitely va- 
ried ; but the most convenient size for a 
common^working lamp is from eight to ten 
inches in height, and two to two and a half 
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in breadth. If the wire-gauze cylinder 
are larger, there is too much heat produced 
in them by the combustion of explosive! 
mixtures. 

In gas manufactoriesi spirit warehouses, 
or druggists' laboratories where ether is 
distilled, the common safety lamp may- 
be advantageously used, — A simple mode 
of exhibiting its power is furnished by 
throwing a little ether into the bottom 
of a large jar ; the vapour of the ether, 
mixing with the air, will produce an explo- 
sive atmosphere, which will burn within 
the wire-gauze without inflaming the ether 
in the bottom of the jar. 

If pure iiydrogene should be disengaged 
in any mines, the improbability of which 
however is very great, wire-gauze of a finer 
texture miist be employed. — ^This material 
indeed, it is likely, will be found to possess 
many new applications, not only in guard-^ 
ing against the communication of flame, 
but likewise in exerting cooling agencies^, 
wherever elastic media can be exposed to 
it, so as to have their temperatures lowered 
by its radiation. 

I shall now conclude. Whatever may 
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be the fate of the speculative part of this 
enquiry, I have no anxiety as to the prac- 
tical results, or as to the unimpassioned and 
permanent judgment of the public on the 
manner in which they have been developed 
and communicated ; and no fear that an 
invention for the preservation of human life 
and the diminution of human misery will 
be neglected or forgotten by posterity. 

When the duties of men coincide with 
their interests, they are usually performed 
with alacrity ; the progress of civilization 
ensures the existence of all real improve- 
ments ; and however high the gratification 
of possessing the good opinion of society, 
there is a still more exalted pleasure in the 
consciousness of having laboured to be useful. 
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SiwoK tb« researches upon Flame contained in the 
foregoing pa^es have been published, M. Gay Lussae 
has put iato my hands a paper written some years ago 
by M. de Humboldt and himself, which contains some 
▼ery iirteresting results that may be adduced as con* 
flrmations of my principles, on the causes of combustion 
and explosioa. 

MM« Oay Lussac and de Humboldt have shewn 
that when oxygene and hydrogcne are mixed in pro- 
portions in which (hey cannot be fired by the electrical 
aparic, they may be still made to combine in the pro- 
portions which can form water, by artificially raising 
their temperature. 

MM. Oay Lussac and de Humboldt suppose that 
the action of electricity in producing combination is 
owing to the beat it produces by the compression of the 
elastic medium through which it passes. This idea is 
very ingenious, but the phenomena of decomposition 
by electrioity, abew that there is some relation between 
(be primary attractive powers of the chemical elements 
and their electrical energies. 

When the common electrical or voltaic electrical 
spark is taken in rare air, the light is considerably 
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diminished^ I made some experiments to ascertsfin 
inrhether the beat was likewise diminishedy and I found 
that this was certainly the case. Yet in a receiver 
that contained air sixty times rarer than that of the at- 
mosphere, a piece of wire of platinum, placed in the 
centre of the luminous arc, produced by the great 
voltaic apparatus of the Royal Institution, became white 
hot; and that this was not owing to the electrical 
conducting powers of the platinum, was proved by 
repeating the experiment with a filament of glass, which, 
instantly fused in the same position. 

It is evident from this, that electrical light and heat 
may appear in atmospheres in which the flame of com- 
bustible bodies could not exist, and the fact is interesting 
fl^om its possible application in explaining the phenomena 
of the Aurora Borealis and Australis. 
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M. Sementini, professor of chemistry at Naples^ 
presented me in 1819 with a lamp, in which alcohol, 
burnt without flame, by means of fine coils of siWer 
wire^ and afforded phenomena exactly of the same kind^ 
as the lamp furnished with wire of platinum. 

When I first discovered the phenomena of the ignitioBL 
of thin filaments, of platinum and paladium, I ascer- 
tained that the temperature required for this result was 
much below ignition ; but I did not determine the pre- 
cise degree on Fahrenheit's scale. It was evident, bo w^ 
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ever, from the principles laid down arpage 04, that it 
mu$t be lower for hydrogene than most other inflam- 
mable gases ; and lower in proportion as the wire or 
foil was finer. 

M. Dobreiner has lately made the discovery that the 
finely divided and spongy platinum, obtained by pre« 
cipitation from solution, becomes ignited, even at com* 
mon temperatures; and MM. Thenard, and Dulong, 
and other chemists^ in repeating his observation, have 
found that various metals in a finely divided state, have 
the same property of hastening or producing combina- 
tions at a lower temperature, than those at which they 
usually pccur^ and have given many facts analogous to 
those described page 107. Mr. Garden has found the 
air of iridium, likewise possessed of the property of 
inflaming mixtures of common air and hydrogene. 

It is probable that the rationale of all these processes 
is of the same kind. Whenever any chemical operation 
is produced by an increase of temperature, whatever 
occasions an accumulation of beat, must tend to give 
greater facility to the process ; a very thick wire of pla-» 
tinum does not act upon a mixture of oxygene and by- 
drogene, at a heat below redness ; but if beat into thin 
lamin», it occasions its combustion at the heat of boiling 
mercury ; and when in the form of the thinnest foil, at 
usual temperatures. I cooled the spongy platinum to 
3** of Fah^' and still it inflamed hydrogene nearly of the 
same temperature, issuing from a tube cooled by salt 
zh6 ice. 

I thought that common radiant heat or light, might 
bo necessary to the effect ; but the cooled metal and the 
gases acted with the same phenomena in darkness. 



r. It. may Jk »up|^ft»p4. that the «\pQagy plt^iaaw^b?|pf;^ 
' by^gfR9f OT.jtb^t,^,55fpp|uis9*);jfcne>bu^ 9^*wof 

J^^^^S^^ »n>A9Bfl^ ,fi«^ 'T'*'®? in .differ«it,pijitup9jf 
pf jaAiun^)ibl^/ gas^s i^d, air, at lempe;rature.s ao fji^ 

> A probable exbiaQation of Uie phenomenon, tnay. I 
think, be founded upon the Electrochemical hypothesis, 
which I laid before the Roy at Society, in 1806; and 
which has been since adopted and explained, accord- 
ixix to their own ideas, by diSerent philosoph^s. 

' '' ^upposiiTg oxygene and hydrogene to be id th^ ^- 
fatidns of negative and positive, it is necessary icf '^SSfit 
their combination, that their electricities shboM^Ve 
brought into equilibrium or discharged. This is done 
by the electrical sparit m-lbtm^, ^frhieh offers a conduct- 
ing medium for this purpose, or by raising them to a tem- 
perature, in which they become themselves conductors. 
Now platinum, palladium, and iridium are bodies very 
slightly positive with respect to oxygene ; and tbougli 
^^<^«MMMtStots^'df deOtricity, <liijy'%f^ bad^tiOBdlibtors 
^find jTMlftlllM of heat ,and sujypd^g (helM'in eieeedliigly 
iftttnll^nilisses/they dfelrto thc^ ^ases^fa^ oondnellig 
^'UrieMum -H^es^aryfor carry ii^c <^« and 'briiigi9g:4«to 
' eqtfliibriufti their eiecnfcily ^Miont^' afiy intorfeiMg 
energy,' and accuibulate the heat produeed bythis equi- 
' Murium. ' Other nietals <lo not jMseesstliesanse unittiHof 
quaRtfeSv yei most «f tfaep' assist eombiiHi4iaa at Ibwer 
temperatures than glass, which is a non-conductor of 
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That spongy phitiunm, even when moistened, as M. 
Dobreiner has ver;^ lately shewn, should facilitate the 



X<p^«OTM-«..^ 



APPEN'mk: IM 

combination of ox^genc ami hydrogeue, mky depend 
upon this peculiar electmal property; and why foil 6t 
platinum should have its povrer or causing 4)xyjgefie 
and (lyctrogene to conibf^iie, increased by being placed^ 
lor a short time, in nitric acid, as MM. Dalong and 
Tbenard have shewD, may l>e owing ib this, that the 
slight positire charj[^ it ac()uir«s a>fty, in (leio^ breu^bt 
Into equilibrium, tie a first step in the operation ; and 
there are analogous instances* 

Fine wire of plaiinuin, | find, wben conveying our* 
rents of Electricity, as in a circuit, with xioc and auiplku* 
r^c 9sA^f or. ebarcpal and lutrocBi^iatic acid, has mi iH 
,y4nKer. of ,^t|qg ii|)o/) g9»|^ .ni^ui)|e8 »eBMt»Iy in- 
.,<ye«se4„. ....;..„„, . _ . ,, 
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. The geiierpl inflttinmable air is only diseogi^g^.Jn 
£mpaI wines ; y«trlhei salt woribs of filyfia, Sahfattfg^ and 
UppieriAustoa iwe^^^t tmmmpi horn ^aookieots •d^pjsnd- 
Hig ttpon earboMted bj^drogene gas. An explosion bf d 
Jtiftp)>ened ai Atf ii oe , in 1 818, a few weeks before . I 
visited ibe sak wotks^ by wliieh seireriil persoDS. were 
killed ; and 4be miners raeeiTed the Safely Lamp, sfd 
witnessed its operation with gratitude and surprise, , 

Tiie inflttwimabte atr appeared tome, in these instani^s, 
k> be dervted from bituminous shist. 
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1 have 'had^ some correspondence witb Mr. Buddie 
respecting the accidents i/vhich have happened in coal 
mines, since the discovwft^tfere 'Safety Lamp. He 
refers them, in all cases, to the carelessness of workmen. 

I should strongly recontKnend double lamps, in cases 
vrbere miners are obliged to work for any time in ex- 
ploflsve miiEluffeA, or wherever currents are expected ; — 
otltHipswith mica, or tin-plate u^ifAin the wire gauze 
t^^pievent too great a circulation of air« (see p. 138.) 
Itis very easy to extinguish a lamp in which the fire- 
damp is burning, by sliding a tin-plate cylinder over it, 
or by a cirde of wire gauze fitting the interior in a rim 
of eopper and moved by the termination of the trimming 
wif^ : but it is much better, in all cases of danger, to 
use lamps which, under no circumstancea, can explode. 
Such as these described in p. 97. 

Having often trusted my life to the Safety Lamp 
under the most dangerous circumstances, I cannot but 
sometimes smile when the Public papers endeavour to 
invalidate its security upon^ the* opinions or evidence of 
certain persons who have their own nostrums for preven- 
ting the accumulation of inflammable air in mines. 

I have sometimes to read letters on the improvement 
of the invention, by plans : most of which are discussed 
in the foregoing pages ; such as using glass or mica as 
a part of the surface for transmitting light, using double 
lamps, or double lamps containing n vifftif^tif^g siic&bft 
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to prevent exploeions from currents ; and I have 
actually seen a lamp upon the j^est model of those I 
first made, having thick glass above, and wire gauze 
below, called ** the newly invented Safety Lamp/' , ^ 

iff ' . ■ ■ '. . 
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For gas manufaQtorUti^^ or . lf0U9j^-. wheiM'jgaati mrn^q 
tensively used^^ I should rjepommead ..Ibox Slaf«ty<|Baalpc 
witli iron wire gauze^but fpr tbe^uf|ep{>|^.Nalf{j^4h0|#> 
with copper wire gauze are lesa UaUe to-fufit^-. /As/ liitfl 
latest instance of a ship lost, for want fsf .sd Bofalyb 
Lamp,! may mention the Kent ^asiIndiaiBMg<wl|i4hio 
was burnt, as I am informed by the ShippiilgiiDoiqqfni-^o 
tee, in consec|uence of the inflaa^nmtiop pf BmA, bf'ff 
means of a common lantern. - j (^^i ^^^^^ 
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&• ^ryep, I'miei^, Brid^e-strisef, 'Biackfrian, London. 






